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CHAPTER I 
TEE PROBLEM 
Leading te~chers have been proposing for many years 
that arithmetic be taught in such a way that pupils will 
understand as well as perform the well known fundamental 
processes. Some schools have been aiming to develop 
understanding at each stage of learning, from the initial 
concepts of number to the culminating algorisms· dealing 
with whole numbers, fractions and decimals. 
Some teachers have held the thought that better 
understanding of the processes of arithmetic, as a sci~nce, 
will improve the solution of the so-called worded problems 
found in the usual arithmetic textbook. In a discussion y 
of problem-solving, Spitzer says, 11 There are even some 
teachers who claim that emphasis on number procedures and 
relationships within the system are good procedures for y 
teaching problem-solving .tt And he further comments, 
ncareful consideration of this last claim shows that it 
has much to commend it. tt In a more general way, the need 
for the understanding of mathematics in problem-solving 
1/ Herbert F. Spitzer,ttLearning and Teaching Arithmetic,u 
The Teaching of Arithmetic, Fiftieth Yearbook, Part II., 
National Society for the Study of Education, l95l,pl39. 
g/ Ibid. 
-1-
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is pointed out by Henderson and Pingry, who say, 11Mathe-
matics teachers believe that the ability o~ a student to 
solve mathematics problems is dependent upon how deep his 
understanding o~ mathematics is.tt This may be applied to 
the early stages o~ learning, the elementary school. 
No report has been found, however, by this investigator, 
o~ a study which attempts to discover the e~~ect o~ 
children1 s understanding o~·arithmetic on their ability 
to solve the problems o~ the arithmetic texts. 
The problem is, to determine the relationship between 
understanding o~ the processes involved in computations 
and the ability to solve verbal problems. 
Importance Qf ~ problem.-- The solution o~ this 
problem is important to the improvement o~ the ability o~ 
children to solve arithmetic problems. 
E~~ective problem-solving methods are recognized to 
be prominent among the objectives in the teaching o~ y 
arithmetic. Woody terms the solving o~ verbal problems 
as ttthe capstone in building adequate controls of the 
1/ Kenneth B. Henderson and Robert E. Pingry, "Problem-
solving in Mathematics,tt The Learning o~ Mathematics: Its 
Theory; ~ Practice, Twenty-First Yearbook, The National 
Council o~ Teachers o~ Mathematics, l953,P268 
g/ Clif~ord Woody, "Diagnosis o~ Dif~iculties in the 
Solution o~ Verbal Problems in Arithmetic, Education, 54 
(April, l934),p464. 
3 
knowledges and skills in arithmetic." Problem-solving, 
. however, is not a unitary ability, but a complex of 
abilities. General intelligence, arithmetic vocabulary, 
general reading, mechanical skill in computing, and some 
others have been shown to pe involved in problem-solving. 
The understanding of the processes involved .in computations 
has not been separated for study as an aspect of problem-
solving. This factor, if found to be related to problem-
solving, may be a key to r~ading, and to correct thinking 
about the situation involved in an arithmetic problem. 
It should be remembered that, when reading an arith-
metic problem, a child must not only read and comprehend 
the words describing the situation, but must also, with 
the words, read and comprehend the numerical information 
supplied. It is well known, by teachers, that children 
often misuse the numerical information in problems. It 
has not been shown whether or not this misuse is due in 
some degree to the· child's lack of familiarity with the 
concepts of number and lack of understanding of the 
processes involved in computations. 
The present study will contribute to the knowledge of 
the relation between certain of these understandings and 
one of the important objectives of arithmetic instruction 
-- ability to solve worded arithmetic problems. 
Limitations of the study ..... - For the purposes of com-
parison, computing ability and intelligence are included 
4 
in the study, with understanding and problem-solving ability. 
Intelligence is represented by I. Q. The other factors are 
represented as follows: 
1. The ability to compute as measured in this study 
is the ability to perform the usual processes of addition, 
subtraction, multiplication and division with whole num-
bers, fractions and decimals, with the examples presented 
in the usual vertical forms. Computing with denominate 
numbers presents another aspect of computing, and de-
nominate number, with the notion of measurement, is here 
considered part of the situation of a verbal problem. 
Ratio and percentage are not included. To separate the 
variables more completely, it is desirable in this study 
to limit measurement of computing ability to formal com-
puting with abstract number. Since there were no com-
mercial tests for precisely this purpose, a test was con-
structed. A description of the construction of the test 
is given in Chapter 3. 
2. The ability to understand as measured in this study 
is the ability to answer questions about the processes involved 
in the computations of the computations test. Included are 
questions about the nature of the fundamental processes, 
of the relations among the processes, and of the number 
system. The understandings were closely related to the 
computations of the test on computations. Since there 
were no commercial tests for precisely this purpose, a 
test was constructed. A description of the construction 
of this test is given in Chapter 3. 
3. The ability to solve problems as measured in this 
study is the ability to find numerical answers to verbal 
problems, in which a realistic practical situation is described, 
involving the same numbers and computations as are in the 
test on computations. The problems are similar in char-
acter to verbal problems which_ might be found in arithmetic 
textbooks of the fourth, fifth, and sixth grades of the 
present time. Since there were no commercial tests for 
precisely this purpose, a test was constructed. A descrip-
tion of the construction of the test is given in Chapter 3· 
4. The three tests mentioned: (1) Computations Test, 
(2) Understandings Test, and (3) Problem-solving Test; 
were administered to all of the more than four hundred 
pupils of the seventh and eighth grades of a small-city 
junior high school. 
5. Intelligence was measured by the California Test 
of Mental Maturity, form s, administered previously by the 
school authorities. 
6. Those who were present for all three tests and 
for whom there was a measure of intelligence available 
constitute the population sample for this investigation. 
There were three hundred sixty-two complete sets of data. 
7. The testees were the pupils of the junior high 
school of the 6-2-4 school system of Leominster, an in-
dustrial city of north central Massachusetts with a pop-
6 
ulation of about 25,000. The mean I. Q. of the group used 
was 106 with a standard deviation of 12. 
8. The study is ,-:concerned with the relations of the 
variables involved in a general way, as revealed by gen-
eral statistical procedures performed on gross data. It 
does not investigate how these variables affect the abili-
ties of individuals. It is admitted that data regarding 
groups does not get at the methods of thinking of in-
dividuals. 
Scope of the problem.-- The solution of the problem 
is based on the answers to these questions: 
1. Is there a significant statistical relation be-
tween understanding of the processes involved in compu-
tations and the ability to solve problems? 
2. How does the influence of understanding of the 
processes involved in computations on problem-solving 
compare in magnitude with the influences of intelligence, 
the ability to compute, and other possible influences, 
which, in the statistical procedures of this study, are 
grouped together but not identified singly. 
§ummarx.-- Understanding has been developing in re-
cent years as an important aspect of learning arithmetic. 
Problem-solving is recognized as an important objec-
tive in the teaching of arithmetic. 
The present study is designed to find what relations 
exist between the ability to understand the processes of 
computations and the ability to solve arithmetic problems, 
as these abilities are developed in pupils of the seventh 
and eighth grades. 
Tests were constructed for the arithmetic aspects of 
the study and administered to about four hundred seventh and 
eighth grade pupils in a small industrial city. 
The second chapter is a brief review of pertinent 
studies and other literature and their relation to the 
present study. The third chapter is a description of the 
construction of the tests .and the procedures leading to 
the collection ofthe data. The data are described and 
7 
analyzed in the fourth chapter. General conclusions, summa-
ries and some implications are found in the fifth chapter. 
CHAPTER II 
REVIEW OF RELATED LITERATURE AND RESEARCH 
1. Extent of the Literature 
Much has been written on problem-solving and on under-
standing of arithmetic by children. The scientific evi-
dence bearing on these subjects, however, is not extensive. y 
As Brownell states, tiThe extent of educational research 
on problem-solving is surprisingly limited.'' In some. 
cases the findings conflict, and not all the studies were 
controlled by equated groups or qualified by an estimate of 
significance. As for understanding of arithmetic, the 
v 
study has just begun. Glennon speaks of "The paucity of 
research studies (on understanding arithmetic) 11 as na direct 
result of the general lag in the development of adequate 
methods and devices for measuring understandings.tt 
2. The Importance of Problem-Solving 
It is generally taken for granted that the ability to 
1/ William A. Brownell, 11 Problem Solving, 11 The Psychologz 
Learning. Forty-First Yearbook, Part II, National Society 
for the Study of Education. Bloomington, Illinois: Public 
School Publishing Company, 1942, p. 419. 
Y Vincent .r. Glennon, 11Testing Meanings in Arithmetic,n 
Arithmetic 1949, The University of Chicago Press, (November, 
1949), p. 64. 
-8-
solve problems is important, although what problems should 
11 be included in the school program is now a question. 
Teachers have been trying for many years to find re-
liable methods for teaching children to solve problems in 
arithmetic. 
satisfying. 
The results, however, have not been clearly 
2/ 
As Johnson - says, nEducators interested in 
the improvement of learning in the elementary school will 
readily agree that the teaching of problem-solving in arith-
metic offers one of the greatest challenges to elementary-
school teachers. 11 
3. What is Meant by a Problem 
What are termed.verbal problems are familiar in type 
to teachers of arithmetic who are using ordinary arithmetic 
texts. They are pre-formulated. They are not real life 
problems in the sense that the child does not first feel 
a need for solution, then collects and organizes data and 
works out a solution, which completes his satisfaction in 
the situation. 
There is, and will continue to be a need for the 
pre-formulated problem. As Henderson and Pingry express it 
nrt is not a question of either using pre-formulated 'prob-
l/ Maurice L. Hartung, nAdvances in Teaching Problem 
Solving,n Arithmetic 1948, p. 53. 
Y Harry C. Johnson, rrproblem-Solving in .Arithmetic: A 
Review of the Literature~ The Elementary School Journal, 44 (March, 1944), p. 396. 
9 
10 
~ . 
.... ~ _,,.. 1/ 
lems 1 or using 'life problems'. Both have their place.u 
And, according to a writer on the subject of real problems, 
11 The solution of typical verbal problems in school unques-
tionably helps (pupils to learn how to solve problems that y 
they meet in unstated for:in in their daily activities)." 
On the other hand, whether an individual child will 
consider a particular item as a problem is a question • 
.31 
Henderson and Pingry point out that 11What is one student's 
problem is another student's •exercise, and a third student's 
4/ 
frustration. 11 And again,. - "A problem for a particular 
individual today may not be a problem for him tomorrow." 
In the teaching ·situation, much depends on the teacher. 
2.1 
In fact, as the last writer adds later "If the teacher 
selects verbal problems carefully so as to be at the 
students level, and if' he can get the students to identify 
themselves with these problems, then the verbal 'problems' 
become real problems. They are probably as useful for 
teaching problem-solving •••• as if they had not been pre-
f'ormulated.u 
Y Kenneth B. Henderson and Robert E. Pingry, ttproblem-
Solving in Mathematics,tt The_tearning of Mathematics: Its 
Theory and Practice. Twenty-First Yearbook, National 
Council of Teachers of Mathematics, 1935,p233. 
Y Maurice L. Hartung, op. cit.,p53. 
3L Op. cit.,p232 .1/ Ibid. ,p229. 2/ Ibid. ,p234 
4. Factors Affecting Problem-Solving 
The factors affecting problem-solving may be grouped 
in six categories: (1) the problem situation, (2) vocabu-
lary and reading, (3) skill in computation, (4) methods 
for solving problems, (5) general mental ability, and 
( 6) unders.tanding of arithmetic. Most of the studies of 
problem~solving have been investigations into the first 
five of these categories. 
sixth category. 
The present study falls in the 
The problem situation.-- The way a problem is worded 
and the situation the problem describes are two of the 
variations which are likely to affect the solution of a 
problem. 
11 
Brownell and Stretch made a study of the effect of 
unfamiliar settings on problem-solving. The question they 
attempted to decide was, whether a problem becomes more 
difficult when the figures and processes are not changed 
but the situation is changed from familiar to unfamiliar. 
Four degrees of familiarity were incorporated in tests 
which were administered to a relatively large group, all 
of one grade. Care was taken to avoid practice effect as 
a factor. An important conclusion from the study 
17 William A. Brownell and Lorena B. Stretch, The Effect 
of Unfamiliar Settings on Problem-Solving. Duke University 
Press, 1931. 
11 
12 
is: the factor of unfamiliarity is uncertain in its effect, 
depending on other factors. In some cases there appeared 
to be no effect, in other cases some. On the whole, 
conclusions were inconsistent. The investigators make 
1/ 
the observation- .nThe data secured •••• offer no ground for 
reasonable belief that problems are made unduly difficult 
for children by being given unfamiliar settings except 
under certain circumstances. 11 
2/ 
Kramer - made a study of the effect on problem-
solving of four factors: (1) interest; (2) sentence form; 
31 (3) style-details; and (4) vocabulary. She found that 
11 The ari thm.etic problem does not readily lend itself to · 
critical study. It is difficult to isolate the factors 
which constitute the material and procedure of children~s 
mental processes in problem solution.n However, as a re-
sult of careful efforts to control extraneous factors and 
to measure the factors of the study some surprising con-
elusions were made. The following are some of the inter-
1/ 
esting comments found in this study: 
1. tiThe school has come, probably, to rely too 
much upon the potency of the factor of interest and 
to .overlook the fact that arithmetic is essentially 
the most difficult of school subjects. It is a mode 
of thinking into which children seldom venture of 
themselves. 
11 William A. Brownell and Lorena B. Stretch, op.cit. p. 83. 
g; Grace A. Kramer, .The Effect of Certain Factors in Verbal 
Arithmetic Problems Upon Children's Success in the Solution. 
The Johns Hopkins University Studies in Education, 1933, 106 p. __ 
3./ Ibid., p. 1. ~/ Ibid., p. 52. 
2. f1That children are interested in the problem 
situation from the imaginative standpoint does not 
insure arithmetical interest ••••• To be imaginatively 
interested is not necessarily to be arithmetically 
interested. 
3. 11We must teach children to think arithmetic 
if arithmetical thinking is to result. 
4. 11 The point is here that, according to these 
findings, interest does not imitiate substantially 
improved arithmetical thinking.u 
5. t1Throughout the study it is noticeable that 
children respond to the cue rather than to the facts 
and requirements of the problem. They appear to do 
little intelligent estimating or reflective thinking 
and almost no verifying of their choice of operation. 
The habit of analyzing childrenrs modes of thinking 
would probably lead teachers to discourage them from 
habitually seeking a cue to the operation required. 
Not to train children to think in the arithmetic 
problem would seem to be to fail to develop their 
practical and intellectual interests in arithmetic 
itself.tt 1/ y 
The study of Washburne and Morphett showed that 
arithmetic problems are made much more difficult by un-
familiarity in the settings. But taken as a whole the 
picture with regard to difficulty due to unfamiliarity of 
setting or type of wording is not clear. No ppsitive· 
claim can be made that unfamiliarity of setting or form 
of wording has an effect on the success in solving an 
arithmetic problem. 
Vocabulary ~ reading.-- In his review of the liter-
1/ Grace A. Kramer, op.cit.p90. 
gj Carleton W. Washburne and Mabel Vogel Morphett, 11Un-
familiar Situations as a Difficulty in Solving Arithmetic 
Problems,tt Journal of Educational Research, 18 (October, 
1928) ,p220-24. 
.. ·.·- 1L 
ature on problem-solving in arithmetic, Johnson presents 
what he terms ttthe meager experimental evidence bearing on 
the problem (of vocabulary and reading)". 
gj 
One study, by Treacy, investigated the effect on 
problem-solving of reading skills. A group of 11 good achiev-
ers 11 was compared to a group of 11 poor achievers 11 on general 
reading level and on certain specific reading skills. It 
was found that: (l) in some cases there was no significant 
difference between good and poor achievers, and (2) where 
there was a significant difference it was restricted to 
one part of the population. And, it was concluded that, 
reading arithmetic problems involves the use of various 
specific skills related to arithmetic in composite forms. 
31 
A similar study was made by Hansen, including more 
communities, of varying size. The good and poor groups 
were tested by means of standardized tests on twenty-eight 
:factors. Some of the factors were reading factors, some 
were mental factors, and some were arithmetic :factors, in 
the judgement of the investigator. He found that, nrn 
general, the factors most closely associated with superior 
achievement appear to be those classified under the head-
1/ Op.cit.;p48l 
gj John P. Treacy, ttThe Relation of Reading Skills to the 
Ability to Solve Arithmetic Problems,n Journal of Education 
al Research, 38 (October, 1944) ,p86-96 • 
.}/ Carl W. Hansen, "Factors Associated with Successful 
Achievement iii Problem-Solving in Sixth Grade Arithmetic, 11 
Journal of Educational Research, 38 (October, l948),Plll-18. 
ings of (1) arithmetic factors and (2) mental factors. 11 
y 
And, with regard to reading, he said, 
tt(The) seeming lack of relationship betwe·en 
certain reading abilities and successful achievement 
in problem-solving may lead to the conclusion that 
skill in general reading and knowledge of general 
vocabulary are not essential for success in verbal 
problem-solving in arithmetic, and. that reading 
skills and vocabulary in arithmetic are specific 
in that field." gj 
This agrees with the preceeding study with regard to 
the specificity of reading skills used in problem-solving. 
Skill in eom~ting.-- It is taken for granted, gener-
ally, that ability to compute is necessary for problem-
3/ 
solving. In a study by Engelhart the abi~ity to compute 
was compared with (1) intelligence, (2) general reading, 
and (3) other causes. A large number of children of the 
fifth grade were tested by standardized tests in the three 
15 
areas mentioned. Ordinary partial correlations were computed, 
with the coefficients corrected for attenuation. It was 
assumed ~ priori that problem-solving achievement is con-
tributed to by the variables intelligence, computation 
achievement, reading achievement, and unknown causes. And, 
the path coefficient technique was applied, which provides 
for the measurement of both direct and indirect influences 
17 Carl W. Hansen, op.cit., p. 115. gj Loc.cit • 
.3/ Max D. Engelhart, liThe Relative Contribution of Certain 
Factors to Individual Differences in Arithmetic Problem 
Solving Ability,n Journal of Experimental Educati~ 1 
(September, 1932), p. 19-27. 
1o· 
and involves the calculation of coefficients of determina-
tion. The sum of all the coefficients of determination is 
unity, since all causes are accounted for. 
11When the combined, or joint, influences are 
separated on the basis of the relative weights of 
the direct influences and the results added to the 
magnitudes of the direct influences the variance of 
problem solving ability is attributed to the differ-
ent independent variables as follows, in terms of 
percents; ·. 
a. 25.69% of the variance in arithmetical 
problem solving ability is due to variation in 
intelligence as measured. · 
b. 42.05% of the variance in arithmetical 
problem solving ability is due to variation in 
computational ability. 
c. -1.33% of the variance in arithmetical 
problem solving ability is due to reading ability. 
d. 33.59% of the variance in arithmetical 
problem solving ability is due to other causes. 
The inference may be drawn •••• that intelligence 
and computation ability are important factors in 
causing individual differences in problem solving 
ability ••••• general training in reading is likely 
to have a negligible, or possibly negative effect.ny 
Methods f2r solvipg problems.-- The question of what 
method to use in attacking a problem is still an open 
question. No method has been shown to be superior, and 
formal methods have been found of little general value. 
2/ 
Indeed, Brownell- expresses the opinion that, imposing 
a formal- abstract pattern "puts too much trust in t eehnique 
alone and disregards other essentials in effective problem-
solving. 11 
1/ Max D. Engelhart, op. cit. , p25. 
gj 11Problem-Solvingn, op.cit. ,p432. 
1/ 
Hanna - compared three methods, two of which were 
formal types, and one, the 11 individualtt method, simplu 
letting the pupil use any method he knew or could devise. 
The results showed neither of the formal methods to give 
better results than the individual method. The study of y 31 Washburne and Osborn and the study of Thiele give 
similar results. They found that children do better with-
Y 
out formal analysis. Osborn and Drennan concluded that 
training in clues to problem types would transfer to other 
5I 
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types. But Luchins found that mechanization of procedure 
for solving problems aided only in the solution of particu-
lar types of problems and that these same mechanized pro-
cedures became an impediment in solving problems that 
deviated from the type. 
1/ Paul R. Hanna, "Methods of .Arithmetic Problem Solving, 11 
Mathematics Teacher, 23 (November, 1930), p. 442-50. 
Y Carleton w. Washburne and Raymond Osborne, "Solving 
Arithmetic Problems," Elementary School Journal, 27, 
(November and December, 1926), p. 219-26, 296-304. 
3./ c. L. Thiele, "A Comparison of Three Instructional 
Methods in Problem Solving,u Research on the Foundations 
of American Education, 1939, p. 11-15 •. 
Y W. J. Osburn and L. J. Drennan, 11Problem Solving in 
Arithmetic," Educational Research Bulletin, 10, (March, 
1931), p. 123-28. 
2.1 Abraham Luchins, 11Mechanization in Problem Solving," 
Psychological Monographs, 248. 
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4. Intelligence 
v y 
Engelhart, and Brueckner generally conclude that 
intelligence has considerable influence on success in 
·y 
problem-solving. Kramer found a low correlation between 
these two variables. On the other hand, some others, such 
1/ 21 
as Washburne and Osborn, such as Hanna, and Monroe §J . 
and Engelhart, found that intelligence has significant 
effect on problem-solving only within certain segments 
of the intelligence scale. 
5. Understanding of Arithmetic 
Understanding has been appearing more often in the 
literature in recent years. There has been discussion of 
the importance, development and measurement of understand-
ing of the basic principles of arithmetic in the elemen-
tary school. 
Importance of understanding.-- Understanding is now 
considered to be imp~rtant in the schools. Brownell and 
J1 Op • ei t. p • 2 5 
Y Leo J •. Brueckner, nrmproving Pupils Ability to Solve 
Problems,n Journal of the National Educational Associa-
1i9a· 21 (June, 1932), p. 175-76. 
3/ 0£· cit. p. 46 1/ Op. cit. p. 304 21 Op. cit. p. 450 
§J Walter s. Monroe and Max D. Engelhart, 11 The Effective-
ness of Systematic Instruction in Reading Verbal Problems 
in Arithmetic, 11 Elementary School Journal, 33 (January, 
1933), p. 381. 
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y 
Sims make the statement, 'nTo make an intelligent adjust-
ment to a situation •••• we must have some grasp on the 
relationships involved •••• " Computations should be under-
g/ 
stood. As sueltz, Boynton and Sauble say, ncomputations 
in school should not be viewed merely as mechanical skills 
which justify themselves •••• it is the presence of the 
factors of meaning and understanding that raises the per-
formance of the pupil above that of a computing machine. 11 
31 And these authors go on to list several kinds of under-
standing which are associated with computation: none kind 
is understanding the usefulness of a process, as, for 
example, that addition is used for combining and grouping 
•••• A second type of understanding in computations is 
based upon the relation of one process to another, as, for 
example, the relation of addition to subtraction or to 
multiplication •••• A third type of understanding associa-
ted with computations depends upon a general mathematical 
sensing of the number relationships and leads to an ap-
17 William A. Brownell and Vernon M. Sims, rtThe Nature of 
Understanding, 11 The Measurement of Understanding, Forty-
Fifth Yearbook I. The National Society for the Study of · 
Education, Chicago, 1946, p. 28. 
Y Ben A. Sueltz, Holmes Boynton, and Irene Sauble, nThe 
Measurement of Understanding in Elementary-School Math-
ematics," The Measurement of Understanding, Forty-Fifth 
Yearbook I, The National Society for the Study of Educa-
tion, Chicago, 1946, p. 141. 
3/ Ibid., p. 143f. 
preciation of' reasonableness in results, as, when a number 
is multiplied by four the answer should be ~ times as 
large and not forty or one-fourth times as large. 11 
The measurement of understanding.-- The measurement 
of' understanding has not been developed to the extent that 
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skill in computation has. As Sueltz, Boynton and Sauble 11 
point out, ''Teachers generally are not as familiar with 
tests of mathematical understanding as they are with tests 
of' computation and problem solving. 11 Yet, as Harding 
says, 11 •••• the most valuable achievement in mathematics 
learning is thorough understanding •••• n In fact, Glennon y 
says, "Arithmetic is a series of' related meanings, prin• 
ciples, and generalizations. And to the degree that we 
approach the teaching and testing of arithmetic with that 
point of' view, to that same degree we raise the subject 
from the level of a series of arbitrary associations to 
the level of the higher mental processes. 11 
What understandings should be tested is not as clear 
as what computations. 
tif'y the understandings. 
g ~., p. 145f. 
y I!U£. ' p. 67. 
Few attempts have been made to iden-
3/ Storm has listed fifty-four 
3/ W. B. Storm ·11Arithmetic Meanings That Should be Tested, 11 
Arithmetic 194B, pp. 26-31. 
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understandings which he says should be tested. Among these 
are understandings which are developed at various levels~ 
understanding the nature of number, understanding the 
nature of the processes, understanding the significance 
of the processes, understanding the number system, under-
standing the meaning of zeros, understanding relations 
among the processes, and understanding of measurement and 
of estimating and checking. 
How to test for understanding.-- Testing for under-
standing must be attempted in circumstances which differ-
entiate between understanding and habituated response. 
1/ 
Findley and Scates - make the following observations on 
testing understanding: 
nBehavior in familiar situations may be based 
upon understanding, but we cannot be sure that it is. 
On the other hand, effective and intelligent behav-
ior in unfamiliar situations furnishes acceptable 
evidence of understanding •••• 
Any genuine test of understanding will, •••• , 
require that the pupil show his ability to utilize 
knowledge (perhaps relationships) to explain or 
interpret events in new situations or contexts •••• 
In mathematics and science the test of accom-
plishment is not the ability to repeat memorized re-
lationships, but rather the ability to use them in 
solving 11 original11 problems ••••• (The) requirement of novelty underlies all 
appraisal of understanding •••• 11 
Y Warren G. Findley and Douglas E. Scates, 11 0btaining 
Evidence of Understanding, 11 The Measurement of Understand-
ing, .Forty-Fifth Yearbook I, The National Society for the 
Study of Education, Chicago, 1946, pp. 44-64. 
•••• in arithmetic, if the problem involves 
novel content, the process of solution should be 
familiar to the pupil. If, on the other hand, the 
process of solution calls for ingenuity or special 
insights, the content should be familiar. 
Not all pupils attain the same level of under-
standing with respect to all situations. 
From the viewpoint of evaluation it would be 
a mistake to infer that understanding is demonstrated 
by successful performance in the last stage only. 
On the contrary, even the first stage in the series 
calls for some understanding, and each successive 
stage calls for added.increments of understanding. 
Evidence of understanding is to be found in 
originality of performance on the part of pupils. 
No one type of procedure has a monopoly of 
advantage for the purpose of securing evidence of 
understanding •••• 
•••• the pupil must perceive clearly what it is 
to which he is expected to react •••• 
A test of the understanding developed in a 
certain subject·field is not a general intelligence 
test; it is concerned with the understanding of a 
particular body of definite principles and rela-
tionships in a given field • 
•••• the precise evaluation of original and 
creative behavior is difficult •••• " 
Research in understanding.-- With regard to research, 
1/ 
Sueltz, Boynton and Bauble - comment, rtThe measurement of 
meanings and understandings is beginning to creep into 
research in arithmetic. 11• However no studies have appeared 
22 
to date on the effect of understanding of arithmetic on 
problem-solving. A reference was made at the,beginning of the 
chapter to .the relation between the lack of studies and the lag 
in the measurement of understanding. A study has been made 
Jj Ibid. p. 25'6. 
11 by Glennon ttto determine the extent o:f growth and mastery 
of certain basic mathematical understandings possessed by 
representative groups on seven educational levels.n In 
this study it was necessary to construct a test on under-
standing arithmetic. This test was given to groups on 
seven levels: seventh grade, eighth grade, ninth grade, 
twe~fth grade, teachers college freshmen, teachers college 
seniors, and teachers-in-service. It was concluded that, 
11 the persons tested have not acquired a satisfactory 
knowledge of the basic mathematical understandings and.none 
2/ 
seem to understand arithmetic."- This study emphasizes the 
lag o:f both measurement and achievement in understanding 
of arithmetic in the light of considerable discussion 
urging development of understanding. 
6. Summary 
Much has been written on both problem-solving and on 
understanding in arithmetic. There has not been as much 
scientific evidence on problem-solving as might be expect-
ed, and the results of the studies that have been made a~e 
not decisive. The measurement of understandings has just 
1/ Vincent Joseph Glennon, A Study of the Growth and 
Mastery of Certain Basic Mathematical Understandings on 
Seven Educational Levels, (Unpublished Doctor's Disserta-
tion, Harv~rd University, 1948. 
y Ibid, p. 124. 
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begun. 
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Studies in the area of understandings in arithmetic 
are much needed but are waiting on the development of 
better measuring instruments. 
The 11 problem" in the school is expanding in scope to 
include "real life problems". However, the ttpre-formulated" 
problem of the usual arithmetic text will continue to be 
useful, even in teaching how to solve genuine problems. 
The teaching of problem-solving to children still 
presents a great challenge to teachers of arithmetic. 
Problem-solving is a complex of at least six kinds of 
elements: (1) situation; (2) reading; (3) computation; 
(4) method; (5) intelligence; (6) understanding, and some 
others of a personal nature. 
The effect of unfamiliarity of.settings (situation) 
depends on the other factors in some cases. It appears 
that able pupils are not affected by unfamiliarity, where-
as, pupils who are poor in general problem-solving ability 
are bothered by the introduction of unfamiliarity. 
Reading ability affects problem-solving when vocab-
ulary difficulties of a technical sort are involved, but 
general reading ability is not shown to be an important 
factor of problem-solving. 
The available information indicates that, as would be 
expected, computing ability is an important factor in 
probl.em-solving. 
25 
For general problem-solving procedure, especially 
when known type problems are not involved, the individual 
should have developed his own methods of attacking a prob-
lem. As a matter of fact, the individual is better ready 
to face a new problem situation if he has not been trained 
in particular techniques for solving problems. 
The effect of intelligence, as usually measured, on 
the ability to solve problems, is not clear. In some seg-
ments of the intelligence scale general mental ability is 
more influential on success in problem-solving than in 
other segments. 
The effect of understanding of arithmetic processes on 
the ability to solve problems has not been studied. The 
field of understanding is largely unexplored, and the need 
for information on the subject is urgent. The lag in 
development of measuring instruments has retarded the de-
velopment of evidence of the importance of understandings 
in the teaching of arithmetic. 
The procedures of the present investigation are given 
in the next chapter. 
CHAPTER III 
PLAN AND PROCEDURE OF INVESTIGATION 
1. Collecting the Data 
As was shown in Chapter I, it was considered necessary 
that the three variables -- problem-solving ability, 
computing ability and understanding -- be measured in certain 
ways, for which there were no tests available. It was con-
sidered desirable to test for these three variables with 
the same number relations, from three points of view: (1) 
computation, (2) understanding, and (3) problem-solving, 
and to reduce as much as would be practicable the effects 
of other variables, except for general intelligence. Vo-
cabulary difficulties, variations of number from test to 
test, mathematical concepts beyond the scope of the study, 
such as mensuration, percentage, etcetera, were either 
eliminated or minimized. 
Because suitable tests were not available in problem-
solving, understanding, and computing, such tests were 
constructed. These tests are closely related. 
The test in computations tests only the fundamental 
processes: addition, subtraction, multiplication, and 
division with whole numbers, fractions, and decimals. 
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The test in understandings tests understandings which 
are related to the computations of the test in computations. 
The problems test requires the same computations and in 
most cases the same numbers as the corresponding items of 
the computations test. 
These tests were administered to seventh and eighth 
grade pupils; and, ages and I. Q.s were obtained from the 
school records. The arithmetic tests were given on 
successive days. Whenever possible, and for the most part, 
they were given during the scheduled periods for mathe-
matics, in the classrooms, by the mathematics teachers, one 
for the seventh grade and one for the eighth grade. 
The tests were given in six different orders: ABC, 
ACE, BAC, BCA, CAB, and CBA. These six orders were assigned 
·in a systematic way. First, a class section was chosen at 
random, and it was assigned the order ABC. Then, the 
other orders were assigned in sequence to the .other sec-
tions as they appeared on a list. See Table 1 for the 
list of sections and the order of taking the tests, with 
section sizes. 
Table 2. 
A summary of the orders is given in 
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Table l. Order. of Taking Tests and Section Sizes 
Section Order of 
Takin~ Tests Section Size (1) (2) . 
_13) 
7 u CAB 29 
7 1\[ CBA ·18 
7 s ABO 21 
7 G ACB 26 
7R BAG 21 
7 0 BOA 30 
7 N CAB 19 
7 p CBA 23 
8 T ABC 20 
8 c ACB 20 
8 0 l3AC 21 
8 I BCA 17 
8 A CAB 27 
8 M CBA 15 
8 L ABC 30 
8 G ACB 25 
Table 2. Summary of Order· of Taking Tests 
Order of Number of ·Number of 
Taking Tests Sections Pu:ils (1) C2L (3) 
ABC 3 71 
ACB 3 71 
BAC 2 42 
BCA 2 47 
CAB 3 75 
CBA 3 56 
16 ~ 
Average pupils per order = 60. 
29 
It is assumed that by varying the order in which the tests 
were taken, in this way, the effect of practice would be 
minimized and could be disregarded. 
Scores from the tests constructed the tests of prob-
lam-solving, understanding, and computing -- served as the 
basic data of the study, with I. Q. 
The method of construction of the tests is now de-
scribed. 
2. Construction of the Test of Ability to Compute 
Purpose of the test.-~ This test was constructed to 
determine to what degree pupils can add, subtract, multi-
ply and divide with whole numbers, fractions, and decimals. 
To assure a wide range of difficulty items were selected 
from three levels of difficulty. 
The lowest level of difficulty includes only the 
simplest numbers and the simplest steps to which the 
usual algorisms apply. On this level are found whole num-
bers of one or two digits, not more than three, with no 
carrying and no borrowing. The fractions have the same 
denominators, reduction or change of form is not necessary, 
and in multiplication and division one of the numbers is 
a whole number. The decimals include only one decimal 
place; in multiplication and division one of the numbers 
is a whole number, and no remainders are involved. 
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The intermediate level of difficulty includes numbers 
and processes occurring in ordinary usage, as the ordinary 
person might be called upon for in everyday affairs. The 
whole numbers are of no more than four digits. In addition 
there is' carrying more than once, but no more than three 
numbers are added. There may be a zero in the multiplicand, 
the multiplier is no more than two digits, and there may 
be carrying in both the multiplication and the addition 
of a multiplication example. In division divisors would 
be no more than two digits; and no remainder. Fractions 
would include different denominators in addition and sub-
traction, and sums might give improper fractions. Multi-
plication and division would involve only proper fnactions. 
Addition of decimals would involve no more than hundredths 
with carrying. Multiplication would include hundredths by 
tenths, and division hundredths. 
The high level of difficulty includes numbers and 
stages of process at the highest level of difficu+ty found 
in a textbook of the sixth grade. Whole numbers may have 
more than four digits. Addition may involve four or more 
numbers of mixed number of digits with zeros and with 
adding through a decade or more. Subtraction may include 
carrying back more than once. In division there may be a 
remainder. In addition. of fractions there may be three or 
more mixed numbers, and perhaps fractions with mixed num-
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bers. Subtraction calls for borrowing. In multiplication 
and division there might not be obvious short cuts such 
as 6t 7 3i or cancellation. Addition of decimals may in-
elude as many as five numbers with six digits in thousandths. 
~ 
In subtraction there may be carrying back over the decimal. 
In multiplication.the multiplier may be a simple decimal 
in ten-thousandths. In division the divisor may be a 
simple decimal in thousandths. 
Lists of successive steps in difficulty were made 
from a simple analysis of a commonly used present day text. 
Page by page, from the first grade to the sixth, every new 
distinct step in development of methods of computing was 
listed. Examples were then selected to represent these 
steps, and examples were selected from them according to 
the levels described above. 
The lists of steps in difficulty are now given. 
Steps in development of l~rning of the fundamental 
processes.--
1. Addition of whole numbers 
1. Counting groups together 
2. Knowing combinations to ten 
3. Adding to find a teen answer . 
4. Knowing forty-five basic additions 
5. Adding tens 
6. Adding tens and ones 
?. Knowing eighty one addition facts 
8. Column addition of sums to ten 
9. Adding tens and ones in columns 
10. Adding by endings 
11. Adding into the next decade 
12. Adding columns of ones, three in a column 
13. Carrying to the tens column 
14. Adding three numbers of two digits 
15. Carrying two tens 
16. Adding hundreds, two addends 
17. Carrying to tens column, two three digit numbers 
18. Two three digit numbers, with carrying to the 
hundreds column 
19. Adding thousands, three addends 
20. Two four digit numbers, with carrying to 
thousands 
21. Carrying more than once, three four digit 
numbers 
22. Adding five numbers of four digits 
II. Subtraction of whole numbers 
1. Counting how many are left, groups to ten 
2. Knowing separations to separations of ten 
3. How many more? and, How many more are needed ? 
4. Subtracting from teens 5. Subtracting tens 
6. Subtracting tens and ones 
7. Subtracting ~rom a two digit number leaving 
no ones 
8. Subtracting from a two digit number with no 
ones to subtract 
9. Subtracting from a two digit number with n9 
tens left 
10. Subtracting tens, less than twenty tens 
11. Subtracting by endings 
12. Using a ten in subtraction 
13. Subtracting from one hundred 
14. Subtracting hundreds 
15. Carrying back 
16. Zeros in subtracting, to four digit minuends 
17. Subtracting thousands 
18. Carrying back in hundreds place, four digit 
minuends 
19. Zeros, and carrying back more than once 
III. Multiplication of whole numbers 
1. Counting by twos, threes, fours, and fives 
2. Combining equal groups 
3~ Using the language of multiplication 
4. Multiplication pairs--products to eighteen 5. Multiplication of threes, fours, and fives 
6. Multiplying tens and ones 
7. Carrying in multiplication 
IV. 
8 .. 
9 .. 
10 .. 
11 .. 
12 .. 
13 .. 
14. 
15 .. 
16 .. 
17. 
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MUltiplication combinations through nines 
Multiplying hundreds, single digit multiplier 
Zeros in multiplication, single digit multiplier 
Carrying to hundreds, single digit multiplier 
Carrying twice, single digit multiplier 
Multiplying thousands, single digit multiplier 
Multiplying by tens, to three digit multiplicand 
Multiplying by ones and tens, two digit 
multiplicand 
Multiplying with zeros in three digit 
multiplicand 
Multiplying by hundreds, to five digit 
multiplicand 
Division of whole numbers 
1. Discovering what division means, relating 
multiplication and division 
2. Working with division pairs to dividends of 
thirty six 
3. Dividing tens and ones to twenty tens and ones 
4. Multiplication tables, dividends to eighty one 5. Dividing by eights and nines 
6. The uneven divisions, dividends less than one 
. hundred, divisor single digit number 
7. Carrying in division, dividing hundreds by a 
single digit divisor 
8. Dividing hundreds, through four digit 
9. 
10.-
11. 
dividends, single digit divisor 
Steps in dividing 
Zeros in the dividend, single digit divisor 
Dividing hundreds and thousands, single 
digit divisor 
12. Dividing by tens, no ones in dividend, to 
' 13. 
14 .. 
15. 
16'. 
17 ... 
18. 
19. 
20. 
21. 
22 .. 
23. 
five digit dividends 
Zeros in the quotient, dividing by tens 
Dividing by tens and ones 
No carrying in multiplication, no ten 
to subtract 
No carrying in multiplication 
Carrying and subtracting tens 
Trial quotients 
Using zeros 
Remainders in dividing 
Dividing by hundreds 
Zeros in the quotient, five digit.dividend 
Dividing by thousands, six digit dividend 
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v. Addition of fractions 
1. Adding like fractions 
2. Adding like fractions and reducing to lowest 
" 
terms 
3. Fractions with sums equal to one 
4. Changing sums to mixed numbers 
5. Adding parts of different sizes 
6. Adding three fractions 
7. Adding fractions and whole numbers 
8. Adding mixed numbers and fractions, like 
denominators 
9. Adding mixed numbers, two addends, like 
denominators 
10. Adding mixed numbers and fractions, unlike 
denominators 
11 .. Adding mixed numbers, unlike denominators 
12. Adding mixed numbers with carrying, two addends 
13. Adding three mixed numbers 
14. Adding four mixed numbers 
VI~ Subtraction of fractions 
r:- Subtracting like fractions 
2. Subtracting like fractions, and changing to 
lower terms 
3. Taking a part from a whole 
4. Subtracting unlike parts 5. Taking a whole number from a mixed number 
6. Subtracting mixed numbers, like ·denominators 
7.. Subtracting mixed numbers from whole numbers 
8. Borrowing, like denominators 
9.. Subtracting fractions from mixed numbers 
10. Subtracting mixed numbers 
VII. Multiplication of fractions 
1.. Finding a part of a whole number 
2. Multiplying a fraction by a whole number 
3. Multiplying a whole number by a fraction 
4. Multiplying a fraction by a fraction 
5.. Multiplying a mixed number by a whole number 
6.. Multiplying a .whole number by a mixed number 
7. Multiplying a mixed number by a mixed number 
8~ Multiplying a mixed number by a whole number, 
two digits 
VIII. Division of fractions 
1. Dividing by a fraction, whole numbers 
2. Dividing a fraction by a fract~on 
3. Dividing a mixed number by a fraction 
4. Dividing a mixed number by a whole number, 
single digit 
5. Dividing a fraction by a whole number 
6. Dividing a whole number by a mixed number 
?. Dividing a fraction by a mixed number 
8. Dividing a mixed number by a mixed number 
IX. Addition of decimals 
1. Adding mixed decimals with tenths 
2. Adding mixed decimals with hundredths 
3. Adding mixed decimals with thousandths 
X. Subtraction of decimals 
1. Subtracting mixed decimals with tenths 
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2. Subtracting mixed decimals with hundredths 
3. Subtracting mixed decimals with thousandths 
XI. MultiElication of decimals 
1. Multiplying mixed decimals with tenths by 
whole numbers 
2. Multiplying mixed decimals with hundredths 
by whole numbers 
3. MUltiplying decimals by decimals, thousandths 
XII. Division of decimals 
1. Dividing mixed decimals with tenths by 
·whole numbers 
2. Dividing mixed decimals with hundredths 
by whole numbers 
3. Dividing decimals by decimals, including 
ten-thousandths by hundredths 
4. Finding the quotient to the nearest hundredth 
All four processes with whole numbers, fractions, and 
decimals are continued in spiral fashion from the beginning 
into the sixth grade, where they are often completed, 
basically. Enlargement and extension continues in the 
following grades. 
This program is not uniform throughout the country, 
but is an example of programs now in practice. 
A list has just been given of steps in development 
of the fundamental processes in the learning process. There 
follows a description of the levels of difficulty as they 
are applied and the items which represent them in the test 
constructed for computing ability. 
!2escription of the levels-of difficulty and the items 
~hich represent them.--
A. Adding whole numbers 
1. The first clear stage of adding whole numbers, 
at which counting would not likely be used, would involve 
two numbers of two digits each, with no carrying. This 
would probably be introduced before the end of the third 
grade. This stage is so easy for seventh and eighth grade 
pupils that it is assumed all can do it and no examples 
are included. 
2. The intermediate level of difficulty in the 
addition of whole numbers, the stage of ordinary usage, 
involves carrying more than once. This is usually intro-
duced at about the fifth grade. Item number 1 requires 
the addition of three three digit numbers with carrying 
to hundreds and thousands. 
3. Special difficulties in the adding of whole 
numbers arise from increasing the number of digits, in-
creasing the length of the column, inclusion of zeros, 
mixing the number of digits, and from adding through a 
- I 
decade or more. This is usually introduced at about the 
sixth grade, and may be mastered by some. Item number 17 
requires the addition or rour numbers, with two, three, 
and rour digits, with zeros, and with carrying more than 
once. 
B. Subtracting whole number~ 
1. The simplest subtraction in which the usual 
algorism would be called ror involves two digit numbers 
in which no .borrowing is needed. This is usually intro-
duced at about the third grade. This stage is so easy ror 
seventh and eighth grade pupils that it is assumed all can 
do it and no examples are included. 
2. The intermediate level or dirficulty would 
probably involve carrying and a zero dirficulty. This is 
usually introduced at about the fourth grade~ Item number 
2 is an example of this stage. It requires subtraction or 
a three digit number rrom a three digit number, the tens 
digit or the minuend is zero and the tens and units digits 
of the subtrahend are greater than the corresponding 
digits of the minuend. 
3. Special dirficulty in subtraction with whole 
numbers is found rrom inclusion or zeros and in carrying 
back more than once. If a pupil can do this type of ex-
ample it is likely he can do any subtraction example with 
whole numbers, in the ramiliar form. This is usually 
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introduced at about the ~otirth grade. 
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Item number 18 re-
quires the subtraction of a four digit.number from a four 
digit number, with a zero in the tens place in the minuend, 
and the hundreds, tens, and units digits of the subtrahend 
are greater than the corresponding digits of the minuend. 
c. Multiplying whole numbers 
1. Among the simplest multiplications calling for 
the usual algorisms are those in which a two digit number 
is multiplied by a single digit number and carrying is 
called ~or. This is usually introduced at about the third 
grade. This stage is so ~asy that it is assumed all can 
do it and no examples are included. 
2. The intermediate level of difficulty in the 
multiplication o~ whole numbers includes adding two or 
more products. The multiplication of a three digit number 
by a two digit number is here considered of ordinary diff-
iculty. This is usually introduced at about the fifth 
grade. Item number 3 requires the multiplication of a 
three digit number by a two digit number with carrying 
in the multiplication and in the addition. 
3. Special dif~iculties in the multiplication of 
whole numbers arise from a multiplier of more than two 
digits and a multiplicand of more than three digits, with 
zeros. This is usually introduced at about the sixth grade. 
Item number 19 requires multiplication of a four digit 
number with zero in the tens place by a three digit num-
ber with zero in the tens place. 
D. Dividing whole numbers 
1. Among the simplest divisions requiring the 
usual algorism are those in which a three digit number is 
divided by a one digit number, with carrying. This is 
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usually introduced at about the fourth grade. This stage 
is so easy that it is assumed all can do it and no example 
is included. 
2. The intermediate level of difficulty in the 
division of whole numbers includes division of a four 
digit number by a two digit number. This stage is here 
considered of ordinary difficulty. This is usually intro-
duced at about the sixth grade. Item number 4 requires 
the division of a four digit number by a two digit number 
with a two digit quotient and no remainder. 
3. It is here considered that division of a five 
digit number by a three digit number leaving a remainder 
would indicate ability to divide any case with whole num-
bers. This is usually introduced at about the sixth grade. 
Item number 20 requires division of a five digit number 
by a three digit number giving a two digit quotient and 
a two digit remainder. 
E. Adding fractional num~ 
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1. The simplest case of adding fractions is the 
addition of fractions having the same denominator and 
having a sum less than one. This is usually introduced at 
about the fourth grade. This stage is so easy that it is 
assumed all can do it and no example is included. 
2. The intermediate level of difficulty in adding 
fractions includes adding fractions with different denom-
inators and with sums greater than one. This stage is here 
considered of ordinary difficulty. This is usually intro-
duced at about the fifth grade. Item number 13 requires 
addition of one fraction in tenths to another fraction 
in fifths with the sum greater than one. 
3. It is likely that a pupil who can add three 
mixed numbers with different denominators would be success-
ful with any fractions, presented in the usual form. This 
is usually introduced at about the sixth grade. Item num-
ber 21 requires addition of two mixed numbers and a simple 
fraction with all denominators unlike. 
F. ·subtracting fractional numbers 
1. The simplest case of subtraction of fractions 
is the subtraction of fractions having the same denomina-
tor, without regard for the proper form in the result. 
This ~s us~ally introduced at about the fifth grade. Item 
number 6 requires the subtraction of a fraction from a 
mixed number, no borrowing, and no change required in the 
difference. 
2. The intermediate level of difficulty in the 
subtraction of fractions includes subtraction of fractions 
with unlike denominators. This stage is here considered to 
be of ordinary difficulty. This is usually introduced at 
about the fifth grade. Item number 14 requires the sub-
traction of a simple fraction from a simple fraction with 
a different denominator. 
3. It is likely that a pupil who can subtract 
mixed numbers with unlike denominators and with borrowing 
will be successful with any .example of subtraction of 
fractions in the familiar form. This is usually introduced 
at about the fifth grade. Item number 22 requires subtrac-
tion with mixed numbers, with different denominators, and 
with borrowing. The denominators are unrelated. 
G. Multiplying fractional numbers 
1. Among the simplest multiplications with frac-
tions is the multiplication of a whole number by a frac-
tion with a factor of the denominator a factor of the 
whole number. This is usually introduced at about the 
sixth grade. Item number 7 requires multiplication of a 
two digit number divisible by four by a fraction in six-
teenths. 
2. The intermediate level of difficulty in the 
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multiplication of fractional numbers includes the multi-
plication of proper fractions with no reduction called for. 
This stage is here considered to be of ordinary difficulty. 
Item number 15 requires the multiplication of a proper 
fraction in eighths by a proper fraction in halves. 
3. The multiplication of mixed numbers with no 
short cut evident, such as 3j x 12, involves enough, pre-
sumably to test high achievement in multiplication of 
fractional numbers. This is usually introduced'at about 
the sixth grade. Item number 23 requires multiplication of 
a mixed number in halves by a mixed number in sixths. 
H. Dividing fractional numbers 
1. Among the simplest divisions with fractions is 
the division of a whole number by a fraction with numer-
ator one. This is usually introduced at about the sixth 
grade. Item number 8 requires division of a single digit 
number by a fraction with numerator one and denominator 
less than six. 
2. The intermediate level of difficulty in the 
division of fractional numbers includes the division of 
a fraction by a fraction. This stage is taken as the or-
dinary case of division with fractions. This is usually 
introduced at about the sixth grade. Item number 16 re-
quires division of a mixed number with single digit 
members by a proper fraction with one denominator to be 
cancelled. 
3. Division of a mixed number by a mixed number 
without an evident short cut, such as 4i~ 2t, represents 
as much difficulty as is likely to be found in any case 
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of division with fractional numbers, in the familiar form. 
This is usually introduced at about the sixth grade. Item 
number 24 requires division·of a mixed number with a two 
digit whole number by a mixed number with a single digit 
whole number, with cancellation possible. 
I. Adding decimal numbers 
1. Among the simplest additions with decimals is 
the addition of two two digit numbers with tenths. This is 
usually introduced.at about the fifth grade. This stage 
is so easy•that it is assumed all can do it and no example 
is included. 
2. The intermediate level of difficulty in add-
ition of decimals includes adding four three digit num-
bers with hundredths. This stage is here considered to be 
of ordinary difficulty. This is usually introduced at 
about the fifth grade. Item number 9 requires addition of 
four three digit numbers with hundredths, and with carry-
ing from every column. 
3. The addition of five numbers with as many as 
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~.ix digits and with thousandths would probably test the 
achievement of the most able pupils. This is usually intra-
duced at about the sixth grade. Item number 25 requires 
addition of five numbers, with as many as six digits, with 
thousandths, with zeros, and with as few as three digits. 
J. Subtracting decimal numb~ 
1~ One of the simplest cases of subtraction with 
decimals is the subtraction with two two digit numbers 
with tenths. This is usually introduced at about the fifth 
grade. This stage is so easy that it is assumed all can do 
it and no example is included. 
2. The intermediate level of difficulty in sub-
traction with decimal numbers includes the subtraction of 
two four digit numbers with hundredths and with some carry-
ing. 
culty. 
This stage is here considered to be of ordinary diffi-
This is usually introduced at about the fifth grade. 
Item number 10 requires subtraction with two four digit 
numbers with hundredths and with carrying over the decimal 
point~ 
3. Subtraction of numbers with as many as six 
digits and with thousandths is here considered to be as 
difficult as any that would be found, in the familiar form. 
This is usually introduced at about the sixth grade. Item 
number 26 requires subtraction of a five digit number 
from a six digit number, both with thousandths, with zeros, 
and with carrying over the decimal point. 
K. Multiplying decimal numbers 
1. Among the simplest multiplications with deci-
mals is the multiplication of a two digit number with 
tenths by a single digit whole number. This is usually 
introduced at about the fifth grade. Item number 11 re-
quires multiplication of a three digit number with hun-
dredths by a single digit integer. 
2. The intermediate level of difficulty in the 
multiplication of decimal numbers includes multiplication 
of a three digit number with hundredths by a two digit 
number with tenths. This stage is here considered to be 
of ordinary difficulty. ~his is usually introduced at 
about the fifth grade. Item number 27 requires multipli-
cation of a three digit number with hundredths by a two 
digit number with tenths. 
3. Multiplication of a six digit number with 
hundredths by a four digit number with ten-thousandths 
involves as much difficulty as is likely to be found in 
multiplication of decimals, in the familiar form. This is 
usually introduc~d at about the sixth grade. Item number 
29 requires multiplication of a six digit number with 
hundredths by a four digit number with ten-thousandths 
with zero in the tenths place. 
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L. Dividing decimal numbers 
1. Division of a number of three or four digits 
with tenths and with no remainder when divided by a single 
digit integer is one of the simplest cases of division of 
decimals. This is usually introduced at about the fifth 
grade. Item number 12 ~equires division of a four digit 
number with tenths by a single digit integer leaving no 
remainder. 
2. The intermediate level of difficulty in divi-
sion of decimal numbers includes division of a four digit 
number with hundredths by a three digit number with hun-
dredths. 
culty. 
This stage is here considered of ordinary diffi-
This is usually introduced at about the sixth grade. 
Item number 28 requires division-of a four digit number 
with ~undredths by a two digit number with hundredths and 
leaves no remainder. 
3. Division of a six digit number with hundredths 
by a three digit number with thousandths but no tenths 
contained as much difficulty as is likely to b~ found, in 
the familiar form. This is usually introduced at about the 
sixth grade. Item number 30 requires division of a seven 
digit number with· thousandths by a.three digit number with 
thousandths but no tenths. The result correct to units was 
taken as correct for this item. 
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A description has just been given of the items of the 
computations test and the levels of difficulty which they 
represent. The items themselves are given in Appendix B, 
page 118 ff. 
An item analysis follows, which shows the discrimi-
nating power and the difficulty of the test items. 
Item analysis of the computations test.-- The method is y 
the method of Stanley, nA Simplified Item-Analysis Procedure. 11 
This method ,includes a table indicating points of adequate 
discriminating power, and a convenient method for computing 
discriminating power with a machine. A measure of difficulty 
may be computed by machine or estimated by reference to three 
points on the scale of difficulty for which a table is also 
provided. This method compares a group of twenty-seven per 
cent of those at the top of the distribution to a group of 
equal number at the.bottom of the distribution. 
First,"a record was made of the responses of every pupil 
on every item and of the total scores. A distribution of the 
scores was made and the top group of one hundred and the bottom 
group of one hund~ed were separated and their records tran-
scribed to separate sheets.* Totals were found, for both groups, 
of the number passed and the number not passed for each item. 
y c. c. Ross,·Revised by JulianC. Stanley, Measurement !B 
Today•s Schools, Prentice-Hall, Inc., New York, 195'4. p. 450 
* In the table, there was no difference in "sufficiently 
discriminating" between n - 98 and n • 100. Consequently, 
:h = 100 was used for convenience. 
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Second, the formula for a measure of discriminating 
power was applied. The difference WL - WH represents dis-
criminating power, where WL is the number wrong in the low 
group, and WH is the number wrong in the high group. Items 
omitted were considered wrong. After finding this differ-
ence for each item, the items were arranged in descending 
order of the difference. See Table 3, following page. 
y 
According to Stanley, when 0.27N is about 100, the 
value of (WL - Wff) flat or above which an item can be con-
sidered sufficiently discriminatingu is 14. As can be seen 
in Table 2, twenty-three items were tradequatelytt discrim-
inating. The seven other items were of positive discrimi-
nating power. It should be remembered that this test in-
eluded, by design, a lower level of achievement for the 
purpose of obtaining positive evidence of ability to per-
form.in the fundamental processes. It was to be expected 
that some of these items would be answered by almost all, 
and therefore would not discriminate, to any considerable 
degree. 
Third, a measure of the difficulty of the items was y 
found. According to Stanley, ttthe estimated percentage 
of examinees who did not 1 know 1 the correct answer to the 
1/ c. c. Ross and Julian C. Stanley, Ibid., p. 438 
g/ loc.cit. 
49 
Table 3. Item Numbers or the Computations Test Arranged 
in Rank Order According to Discriminating Power, 
and Estimated Percentages or Those Who Did 
Not 11Know11 the Correct Answer to the Item 
Rank Order Estimated 
Item of Item Percentage of 
Number According to Examinees 
Discriminating WL- WH Who Did 
Power (Discrimi- Not ttKnow 11 (1• Best Discrim- nation) the Correct ination) .AD.swer to 
The Item 
(Difficulty)* 
(1) (2) ( 3) 't~ 30 1 74 
22 2 67 54 
29 3 66 59 
21 4 64 83 
28 g 60 56 14 53 54 
20 7 51 61 
24 8 51 50 
7 9 49 46 
16 10 43 34 
23 11 43 37 
13 12 41 29 
27 13 39 31 
26 14 36 31 
25 15 33 23 
8 16 28 20 
3 17 23 17 
19 18 22 20 
18 19 19 18 
1 20 15 11 
17 21 15 10 
6 22 14 12 
9 23 14 a/ 11 
4 24 13 13 
15 25 12 8 
2 26 11 13 
5 27 10 7 
12 28 10 7 
10 29 8 11 
11 30 3 
§/ nadequate 11 discriminating power ~ 14 
* 
n easy 11 ~ 24, 11hardfl ~ 126 
item" is given by 100 x 0P~cw • w) which for this test, 2n(Op.-l) L H ' 
with four options per item (Op.), and with n .. 100, be-
The factor 0.667 makes a correction 
for chance selection of the correct option. Stanley re-
1/ 
commends n16 per cent (of' testees who do not 'know' the 
correct answer to the item) for the boundary line of' a 
very easy item •••• and 84 per cent for the boundary line 
of' a very hard item. 11 The values of (WL • WH) at these 
·levels of difficulty, for this test, are 24 and 126 (from 
2/ 
0.240n and 1.26n, Stanley-). Referring to Table l, six-
teen items were very easy and none were very hard. The 
range of difficulty is from 3 per cent to 83 per cent. 
The median difficulty is about 25 per cent. Thus the test 
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was relatively easy. The deliberate inclusion of easy items, 
mentioned before, explains the low per cents in this list. 
Reliability of the computations test.-- The reliabil-
ity of the computations test· was computed by the Hoyt 
method, which utilizes every response of every pupil in 
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an analysis of variance. Johnson explains the method 
briefly as follows: 
"The data used in the calculation are the number 
y Loc. cit. 
31 Palmer o. Johnson, Statistical Methods in Research, 
Prentice-Hall, Inc., New York, 1949, pp. 134-36. 
of correct responses to each item and the score on 
the test for each individual. The total sum of 
squares is broken down into three components: 
(1) between individuals, (2) between items, and (3) the residue component or error. 
By subtracting the sum of squares among indi-
viduals and among items from the total, the residual 
sum of squares is used to estimate the discrepancy 
between the obtained and the true variance/' 
The reliability coefficient was obtained by the 
mean square for individuals 
formula ru = 1 - mean square for residuals For this 
tes~, with the mean square for individuals 0.5666 and 
the mean square for residuals 0.1196, r = 0.789. 
1/ 
It is possibl~ also, in the Hoyt method, - to test 
the' hypothesis that there is no difference between the 
means of individuals. For this, there is the formula 
F _ mean square for ind;viduals which with 413 and 
- mean square for res~duals ' ' 
11977 degrees of freedom gives F = 4.74, which is signifi-
cant beyond the 1~ level (the F-value at the 1% level, 
with 400 and 500 degrees of freedom is 1.24). Therefore, 
the hypothesis that there is no difference between the 
means of individuals must be rejected. It was then con-
eluded that the test on computations measured sufficiently 
accurately to differentiate among individuals. This rein-
forces the examination of discriminating power as given 
on a previous page. 
1/ Johnson, op.cit. 
Do~t~n University 
Scho~ 1 0 _ EJ..wu.tion 
Library 
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Validity of the computations test.-- Sufficient face 
validity is demonstrated by the method of selecting items, 
which is described on pages 29~6. 
The computations test was satisfactory to be used in 
the present investigation. It has face validity and the 
reliability is sufficient. The discriminating power is ad-
equate. Because of the large number of easy items it can 
be said that the group as a whole was able to compute at 
least on the low level of computing ability as described~ 
A description of the construction of the test of 
understanding will now be given. 
3. Construction of the Test of Understanding 
Purpose of the test.-- The test of understanding was 
constructed to determine a measure of certain understand-
ings which are related to the computations of the compu-
tations test. This test includes items which have to do 
with the fundamental processes. 
Steps in the construction of the test.-- A tentative 
list of groups of understandings was made to correspond 
to fifteen categories which cover the computations of 
the computations test. These computations include addition, 
subtraction, multiplication and division of whole number_s, 
fractions, and decimals and the meanings of whole numbers, 
fractions, and decimals, in all, fifteen categories. 
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A tentative list of groups of understandings 
1. Understandings or the meaning of whole numbers 
2. Understandings of the addition of whole numbers 
3. Understandings of the subtraction of whole 
numbers 
4. ·understandings of the multiplication of whole 
numbers 
5. Understandings of the division of whole numbers 
6. Understandings of tpe meaning of fractions 
?. Understandings of the addition of fractions 
8. Understandings of the subtraction of fractions 
9. Understandings of the multiplication of fractions 
10. Understandings or the division of fractions 
11. Understandings of the meaning of decimals 
12. Understandings of the addition of decimals 
13. Understandings of the subtraction of decimals 
14. Understandings of the multiplication of decimals 
15. Understandings of the division of decimals 
Understandings were written to average more than five 
for each category in the above list. Then a new list of . 
understandings was compiled ·from an examination of the book, 
Elementary Arithmetic: Its Meaning and Practice, by 
11 . Buckingham, for understandings stated or implied in the 
area of the fundamental processes. This list was then 
compared with the previous list and revisions were made 
accordingly, to make the list of understandings as com-
prehensive as possible. An experimental test form was 
then constructed. This form showed a reliability coeffic-
ient, by the Kudar-Richardson Formula 20, of 0.71, when 
administered to 104 pupils of the eighth and ninth grades 
1/ Burdette R. Buckingham, Elementary Arithmetic: Its 
Meaning and Practice, Ginn and Company, Boston, 1949, 
pp. 3-351. 
\ 
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of a Fitchburg school. However the understandings and the 
test items needed further validation, by jury. 
A jury of outstanding leaders in the field J/ were 
asked to pass on items and understandings submitted to them. 
Among fourteen to whom requests to participate were sent, 
eight were able, at the time,to do the work. These eight 
were manifestly competent to give the necess~ry judgements. 
Thirty-seven of the best items then in hand, judging from 
preliminary testing, were sent to each jury member, with a 
revised list of thirty-two understandings. These under-
standings were spread over the fundamentals being tested by 
the computation test. The statements of understandings were 
in terminology meant to be understood only by exp~rts and were 
not necessarily meant to·be useful in teaching. The items 
were written in terms which would presumably be understood by 
those able to understand the processes of arithmetic. In most 
cases there was a novel approach and they generally would not 
be taught as they appeared on the test. e.g. (1) -the question 
was more verbal than is usual, as in Item 20, (2) the question 
was about stages of the process rather than the end result, as 
in Item 17, (3) the question involved an algorism not usually 
found, as in Item 7, (4) question was symbolized in a way which 
followed principle, but not practice, as in Item 11, (5) the 
J/ A list.of the names of the jury members is given in 
Appendix A, p. 107. 
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question asked the meaning of number symbols, as in Item 1, and 
(6) the question substituted one process for another, as in 
Item 3·* Each item was typed on a separate card and the jury 
member was asked t·o identify the· understanding being tested 
from the list provided, by marking numbers on the card corres-
ponding to the numbered understandings, which understandings 
appeared on a separate sheet. Provision was also made for noting 
that an item could be answered correctly from mechanical 
. learning alone •. 
The responses of the jury members were analyzed, and for 
the most part, those items which had the approval of at least 
five of the jury were selected to constitute the test and were 
arranged roughly in order of difficulty, .bY data obtained in 
preliminary testing. The exact count of the jury responses 
is given on following pages. 
The relation, by number, of test items to understandings, 
and jury judgements, is giv~n in Table 4. This table shows 
the relationship between items on the understandings test and 
the items on the other tests. And it shows the percent of the 
jury which selected each understanding to be tested by the 
items as listed. 
A description of the understandings and the test items as 
shown in Table 4, with the jury judgements in each case, follows: 
Description of the understandings and the items which 
represent them: with references to the jury and to the other 
* The items of the Understandings Test are in Appendix B, 
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Table 4. Relation of Understandings and Items by the Jury 
Understanding 
No. Description 
(1) (2) 
1 Number system 
2 Addition-classes 
3 Re-grouping 
4 Subst.-counting 
5
6 
Borrowing-re-grouping 
Mult. by tens 
7 Garry in mult. 
8 Comm.ute-mult. 
9 Distribution-mult. 
10 Mult.-addition 
ll Div.-subtraction 
12 Place val.-quotient 
13 Fract.-symbol 
14 Equivalence-fract. 
15 Fract.is a prod. 
16 Commute-addition 
17a Like fract.-add. 
17s Like fract.-subtr. 
18 Diff.-two mixed nos. 
19 Diff.,fract.-prod. 
20 Prod.-mixed nos. 
21 Prod.-fract. 
22 Mu1t.numerator 
23 Quot.-mixed nos. 
24 Quot.,fract.-prod. 
25 Div.by unit fract. 
26 Dec.-ext.no.system 
27 Div. by 10,etc. 
28 Div. addends 
29 Subtr.-dec. 
30 Prod.dec.-quot. 
31 Dec.-mult. 
32 Div. cleared·. of dec. 
Understanding 
Item 
Number 
(3) 
l 
2 
2 
3 
'20 
17 
21 
16 
7 
none 
8 
22 
9 
4 
11 
19 g 
23 
18 
24 
none 
10 
27 
27 
12 
none 
25 
25 
14 
13 
26 
15 
% of Corresp. 
Jury No. Comp. 
Choosing & P.S. 
100 
100 
62.5 
75 
100 
75 
50 
87.5 
100 
87.5 
100 
100 
100 
62.5 
100 
100 
75 
100 
75 
87.5 
---87.5 
62.5 
62.5 
75 
-<---
62.5 
50 
75 
87.5 
75 
100 
Item 
none 
1 
1 
2 
18 
3 
19 
none 
3 
19 
4 
20 
none 
none 
15 
21 g 
22 
14 
23 
15 
7 
24 
24 
8 
9 
25 
25 
10 
27 
29 
28 
tests.--
1. The number system.-- Each digit of a number has a 
value depending on the place it holds in the number. 
All of the jury selected this understanding to be 
te'sted by Item number 1, which calls for recognition of 
5? 
the parts of a three digit number represented by. its digits. 
This item has no specific counterpart on the computations 
test. However, the understanding is represented wherever 
whole numbers of two digits or more occur. 
2. Addition by classes.-~ Tens are added to tens as 
ones to ones, and likewise for hundreds, etcetera. 
All but one of. the jury selected ·this understanding 
to be tested by·Item numb~r 2, which requires naming the 
. . 
class of the sum of the. digits of the second column in a 
column of three digit numbers. This item is represented 
on the computations test by Item number 1, and by the 
corresponding item on the problem-solving test. 
3 •. Addition is a re-grouying.-- Two groups are com-
bined to form a new group, which is represented by the 
11 sumn of the numbers of the group. When a combination of 
groups becomes larger than nine the grouping takes on a 
special feature, according to the number system, called 
carrying. 
Five of the eight jury members selected this under-
standing to be tested by Item number 2. To this extent, 
this understanding is represented by Item number 2. 
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4. Addition is a counting substitute.-- A sum could 
be obtained by counting. Addition is a more economical 
process. Subtraction may be regarded in a similar way. 
Six of the jury selected this understanding to be 
tested by Item number 3. The judgement of the jury was 
somewhat confused, but strong in some cases. The pupils 
were not confused as might have been expected; the item 
showed-good discriminating power and not great difficulty. y 
It was a good item. This item is represented on the com-
putations test by Item number 2, and by the corresponding 
item on the problem-solving test. 
5. Borrowing is a re-grouping.-- As an inverse of 
carrying, borrowing is a change of groups of a higher 
order to lower order to facilitate subtraction. 
All of the jury selected this understanding to be 
tested by Item number 20, which calls for thinking about 
the re-grouping, with borrowing, in terms o:f:J the number 
system. Here, the example would be ~ mechanically, but 
the item could not be answered by any mechanical learning. 
This item was modified slightly on suggestion of a jury 
member. This item was represented on the computations test 
by Item number 18; and by the corresponding item on the 
problem-solving test. 
6. Multiplication by tens gives tens.-- Multiplication 
by a digit of a particular place-class ·produces a number of 
the same place-class. For instance, in multiplication by 
a number of two or more digits, when multiplication is per-
formed by the tens digi~ of the multiplier the product is 
placed with its right hand digit in tens place, indicating 
that the product is a number of tens. Likewise with other 
multipliers. 
Six of the jury selected this understanding to be 
tested by Item number 17, which calls for thinking about 
multiplication of a three digit number by the tens digit 
of a two digit multiplier in terms of the position value 
of the product. A slight modification was made at the 
suggestion of one of the jury, to improve the item. This 
item proved to be a good one. This item is represented on 
the computations test by Item number 3; and by the corre-
sponding item on the problem-solving test. 
7. Carrying in multiplication.-- After a multipli-
cation by a digit of a particular place-class, groups of 
the next higher order are taken out to be combined with 
like groups. 
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Four of the jury selected this understanding to be 
tested by Item number 21. The others were not decided, and 
some expressed doubts about the clarity of the item. It 
was used, and proved to be low in discriminating power. 
The item called for thinking about multiplication of a four 
digit number by a three digit number, the actual value 
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of the product when the first digits are multiplied, and the 
amount to be carried. This item is represented on the 
computations test by Item number 19; and by the cor-
responding item on the problem-solving test. 
8. Commutation in multiplication.-- Either number 
may be the multiplier. 
All but one of the jury selected this un~erstanding to 
be tested by Item number 16, which requires recognition of 
the equivalence ·of the products when multiplier and 
multiplicand are interchanged. It is not represented on 
·the other tests specifically. 
9. Distribution in multiplication.-- The parts of a 
number may be multiplied in any way and the resulting 
products added to get the final product. 
All of the jury selected this understanding to be 
tested by Item number 7, which calls for recognition that 
the product of a three digit humber by a two digit number 
can be obtained by multiplying the hundreds represented by 
the first digit.of the multiplicand, and the ones of the 
multiplicand each by the multiplier, and adding the sub-
products. This item is represented on the computations 
test by Item number 3; and by the corresponding item on 
the problem-solving test. 
10. Multiplication is addition.-- The process of 
multiplication is used instead of addition when the addends 
are identical. 
This understanding was not related to an item by any 
of the jury. It is not represented on the test. 
11. Division is subtraction.-- Division as a process 
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is used to find how many. times the divisor may be subtracted 
from the dividend. 
Seven of the jury selected this understanding to be 
tested by Item number 8, which calls for the new quotient 
when the divisor is subtracted once from the dividend, 
without performing the division. The item was modified 
slightly on suggestion of one of the jury to improve the 
item. It proved to be a very good item. This item is 
represented on the computations test by Item number 4; and· 
by the corresponding item on the problem-solving test. 
12. Place value in a quotient.-- The place value of 
a quotient figure is related in a particular way to the 
figures of the dividend and the divisor. 
All of the jury selected this understanding to be 
tested by Item number 22, which requires the place value 
of the first figure of the quotient when a six digit num-
ber is divided by a four digit number, and figure given. 
This item is represented on the computations test by Item 
number 20; and by the corresponding item on the problem-
solving test. 
13. A fraction as a symbo~.-- A fraction is a kind of 
number which indicates one of several concepts, such as 
division, ratio, parts, etcetera. 
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All the jury selected this understanding to be tested 
by Item num~er 9, which requires recognition of a fractional 
part in a diagram, and naming the part. This item has 
no specific counterpart on the other tests. 
14. Equivalence of fractions.-- Fractions are equiva-
lent to other fractions when they can be changed to be 
identical. This is done by multiplying or dividing numer-
ator and denominator by the same number. 
All of the jury selected this understanding to be 
tested by Item number 4, which requires recognition of a 
fraction which equivalent to another fraction. This item 
has no specific counterpart on the other tests. 
15. A fraction is a produc~.-- Every fraction may be 
considered as a product of a unit fraction and a whole 
number. The whole number, thus, represents the number of 
parts of the size represented by the unit fraction. 
Although only five of the jury selected this under-
standing to be tested by Item number 11, there was a def-
inite majority. This item requires recognition of the 
equivalence descrihed above, with commutation placing the 
whole numbers together. The item proved to be a very good 
one. It is represented on the computations test by Item 
number 15; and by the corresponding item on the problem-
solving test. 
16. Commutation in addition.-- The addends may be 
combined in any order. 
All of the jury selected this understanding to be 
tested by Item number 19, which requires recognition of 
the equtvalence of the sum of the whole number parts plus 
the sum of the fraction parts to the sum of three mixed 
numbers. The item is represented on the computations test 
by Item number 21; and by the corresponding item on the 
problem-solving test. 
17. Like fractions ma~ be ad~.-- Wheri fractions 
have the same denominator they may be added by adding the 
numerators. The sum obtained is, of course, the numerator 
of the sum, and the denominator which all the fractions 
have is the denominator of the sum. Likewise in subtrac-
tion. 
All of the jury selected this understanding to be 
tested by Item number 5 for addition, and six of the jury 
selected it to be tested by Item number 6 for subtraction. 
Item 5 requires recognition of the equivalence of a fraction 
~-.. -. ;.. . 
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with the numerator as an indicated sum and the sum or two 
like fractions. Item 6 is similar, but a subtraction 
instead of an addition. These items are represented on the 
other tests by corresponding items. 
18. The difference in two mixed numbers.-~ The diff-
erence is a sum; of the difference in the whole numbers 
plus the difference in the fractions, ih the proper order, 
of course, with borrowing. 
Six of the jury selected this understanding to be 
tested by Item number 23, which requires the recognition 
of the equivalence of the difference in two mixed numbers 
to the sum as described above. This item proved to be one 
of the best. It is represented on the computations test 
by Item number 22; and by the corresponding item on the 
problem-solving test. 
19. A difference in fractions is a Rroduct.-- The 
difference may be considered the product of the difference 
in the numerators by the unit fraction which is common to 
the fractions. 
Six of the jury selected this understanding to be 
tested by Item number 18, whi.ch requires recognition of 
the difference of two unlike fractions in several forms, 
finally the form as described above. This item is repre-
sented on the computations test by Item number 14; and by 
the corresponding item on the problem-solving test. 
20. The product of mixed numbers.-- Mixed numbers may 
be multiplied by finding the product of the equivalent 
fractions. 
Seven of the jury selected this understanding to be 
tested by Item number 24, which requires recognition of 
the equivalence of the product of two mixed numbers and 
the product of the usual improper fractions, but written 
in horizontal form. This item is represented on the com-
putations test by Item number 23; and by the corresponding 
item on the problem-solving test. 
21. A product of fractions.-- The product of two 
fractions may be considered as the product of the numer-
ators by the product of the unit fractions. 
None of the jury related this understanding to any 
item. It is not represented on the test. 
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22. A fraction is multiplied when the numerator is 
multiplied.-- Seven of the jury selected!this understanding 
to be tested by Item number 10, which requires recognition of 
the equivalence of a product of a fraction by a whole num-
ber to a fraction.with the numerator the indicated product 
of the whole number and the numerator of the original frac-
tion. This item is represented on the computations test by 
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Item number 7; and by the corresponding item on the problem-
solving test. 
23. A guot!~nt of mixed numbers.-- Mixed numbers may 
be divided by dividing the equivalent fractions. 
Five of the jury selected this understanding to be 
tested by Item number 27, which requires recognition of 
the equivalence of the quotient of two mixed numbers and 
the indicated product of the usual fractions, written in 
horizontal form. _ This item is represent-ed on the computa-
tions test by Item number 24; and by the corresponding 
item on the problem-solving test. 
24. A quotient of fractions is a product.-- The 
quotient of two fractions may be obtained by multiplica-
tion: the dividend multiplied by the reciprocal of the 
divisor. 
Five of the jury selected this understanding to be 
tested by Item number 27, as was understanding number 23. 
No other item was added. 
25. Division by a unit fracti~.-- The division may 
be accomplished by multiplying by the denominator. 
Six of the jury selected this understanding to be 
tested by Item number 12, which requires the division of 
a whole number by a unit fraction to be recognized as the 
product of theWhole number by the denominator of the fraction, 
in horizontal form. This item is represented on the 
computations.test by Item number 8; and by the correspond-
ing item on the problem-solving test. 
26. Decimals extend the number system.-- As in a 
whole number, each digit of a decimal has ten times the 
value of the same figure in the place to the right. 
None of the jury related this understanding to any 
item. It is not represented on the test. 
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27. Division by 10; etc.-- The division is accomplished 
by re-locating the decimal point. 
Five of the jury selected this understanding to be 
tested QY Item number 25, which requires recognition of 
the total of five decimal numbers, with the six digit sum 
with thousandths given, after the numbers were divided 
by 100. The item was modified somewhat, on suggestion of 
a jury member, to shorten the time, without changing the 
sense of the question. This item is represented on the 
computations test by Item number 25; and by the correspond-
ing item on the problem-solving test. 
28. Dividing addends.-- When all the addends are 
divided, or multiplied, by the same number, the total is 
divided by the given number, or multiplied, as the case 
may be. 
. Four of the jury selected this understanding to be 
tested by Item number 25. No item was added. 
29. Subtraction of decimals.-- The subtraction is 
accomplished in a way similar to the process with whole 
numbers. 
Six of the jury selected this understanding to be 
tested by Item number 14, which requires recognition that 
when the hundredths digit of a number is subtracted and 
borrowing is required a number of hundredths is subtracted 
from a number of hundredths in two figures. This item 
is represented on the computations test by Item number 10; 
and by the corresponding item on the problem-solving test. 
30. A product of decimals is a quotient.-- The pro-
duct of two decimals is the quotient of the product of 
the numerators divided by·the product of the denominators. 
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Seven of the jury selected this understanding to be 
tested by Item number 13, which requires recognition of a 
product of two decimals: a three digit number in hundred-
ths and a two digit number in tenths, as an indicated 
quotient in fraction form with the product of the numerators 
in the numerator and the product of the denominators in 
the denominator. This item is represented on the com-
putations test by Item number 27; and on the problem-
solving test by the corresponding item. 
31. Decimals multiplieg.-- The multiplication of 
decimals is as with whole numbers, ignoring decimals. 
Six of the jury selected this understanding to be 
tested by Item number 26, which requires the product of a 
six digit decimal and a four digit decimal to be recognized 
as equal to the product of the whole numbers obtained by 
ignoring decimals multiplied by the product of the unit 
decimals involved. This item is represented on the compu-
tations test by Item number 29; and by the corresponding 
item on the problem-solving test. 
32. Division may be cleared of decimalg.-- Dividend 
and divisor may be multiplied by powers of ten so as to 
remove all decimals from the process. (result to the 
nearest unit) 
All of the jury selected this understanding to be 
test·ed by Item number 15, which requires the quotient of a 
two digit integer by a three digit fraction in hundredths 
to be recognized as equal to the quotient of the whole 
numbers obtained by mUltiplying each by 100, and written 
in horizontal form. This item is represented on the com-
putations test by Item number 28; and by the corresponding 
item on the problem-solving test. 
Table 5 shows that twenty-seven understandings were 
tested and that all of the four processes were represented 
with whole numbers, fractions, and decimals. The items on 
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Table 5'. Correspondence of Understandings and Process to 
Items of Understandings Test 
Item Understanding Processes and ~ype of Number 
Number Number Add Subtr. Mult. Div. Mean. (1) (2) (3) (4) (52 (6) (7) 
1 1 w 
2 2 w 
3 4 w 
4 14 F g 17a F 17s F 
7 9 w 
8 1~ w 
9 13 w 
10 22 F 
11 15' F 
12 25' F 
13 30 D 
14 29 D 
15' 32 D 
16 8 w 
17 6 w 
18 19 F 
19 16 F 
20 5 w 
21 7 w 
22 12 w 
23 18 F 
24 20 F 
25 27 D 
26 31 D 
27 23 F 
W, whole numbers; F, fractions; D, decimals, 
Mean. , meaning of 
the understandings test were related to items of the other 
tests, as has been shown. (see Table 4) 
A description of the understandings and the items 
which represent them has just been given. The items them-
selves are given in Appendix A, as sent to the jury, and 
in Appendix B, as they appeared on the test. 
Item analysis of the understandings test.-- The 
Stanley method of item analysis as described on page 47; 
was applied to the scores of the test on understandings. 
A list of the item numbers, ordered on the basis of dis-
criminating power, is given in Table 6, with the estimated 
per cents of those not knowing. The discriminating power 
of all items is positive, and only two items were less 
than 11 adequate 11 in discriminating power, according to the y 
Stanley table. The median difficulty was 63 per cent 
not knowing. As with the computations test, the boundary 
of easy items was 24 per cent and of hard items 126 per 
cent. One item would be considered easy and none would be 
very hard. 
Reliability of the understandings test.-- The relia-
bility of the understandings test as computed by the Hoyt 
method, described on page 9-0, is 0.775. Applying the F-
test to the hypothesis that there is no difference between 
the means of individuals, F was found to be 4.45, which, 
with 424 and 11024 degrees of freedom, is significant 
Vop. cit. 
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Table 6 .. Item Numbers or the Understandings Test Arranged 
in Rank Order According to Discriminating Power, 
and Estimated Percentages or Those Who Did Not 
11Know11 the .Correct Answer to the Item 
Rank Order Estimated 
or Item Percentages 
Item According to WL- WH Examinees 
Number Discriminating (Discrimi- Who Did Power nation) Not 11Know" (l=Best Discrimi- the Correct 
nation) Answer to 
The Item 
or 
(ll (2) (32 
{Dirricult:y:2 * 
. ~42 _,.. 
20 1 63 66 
23 2 61 61 
10 3 ~& 63 27 4 47 
7 g 55 83 5 54 55 
19 7 54 60 
15 8 47 g§ 12 9 46 
11 10 45 46 
24 11 43 33 
8 12 38 47 
13 13 37 95 
4 14 36 25 
9 15 36 44 
2 16 34 84 
25 17 32. 112 
18 18 29 109 
1 19 28 21 
26 20 28 113 
17 21 27 95 
3 22 24 43 
6 23 21 87 
16 24 16 12 
22 25 14 a/ 92 
21 26 7 110 
14 27 3 121 
~ "adequate" discriminating power 'Z 14 
* 11 easytt, ~ 24; t1hard 11 /' 126 
' -
beyond the 1% level. 
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(The F-value at the 1% level with 400 
and 500 degrees of freedom is 1.24). It was concluded that 
this hypothesis should be rejected and that the test meas-
ured sufficiently accurately to differenti~te among indi-
viduals. This reinforces the examination of discriminating 
power as given above. 
Validity of the understandings test.-- The validity 
of the understandings test rests on the method of selection 
of understandings and the construction of items, and is 
supported by the. judgement of the jury and by the 1 tem 
analysis. 
The understandings test, therefore, was satisfactory 
to be used in the present investigation. 
We now procede with the construction of the test of 
ability to solve problems. 
4. Construction of the Test of Problem-Solving Ability 
Purpose of the test.-- The purpose of the test of 
problem-solving ability was to obtain a measure of the 
ability of seventh and eighth grade pupils to solve verbal 
problems which employed the same computations and the same 
figures as the test of ability to compute. 
Construction of the items.-- Most of the problems were 
suggested by problems found in an up-to-date series of 
textbooks. The Row-Peterson Arithmetic series was used 
for this purpose. All of the problems were written from 
the point of view of possible interest to seventh and 
eighth grade pupils. The attempt was made to keep the 
language simple, but interesting and appropriate. The 
vocabulary was maintained at the level of the fifth grade, 
11 
within reasonable limits. Rinsland states, "It seems 
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reasonable to conclude •••• that this vocabulary (the Rins-
land Basic Vocabulary of Elementary School Children) should 
furnish much more than 90 per cent of the words for Grade 
VIII and perhaps more than 98 per cent of the words for 
Grade I--with the percentages for the other grades falling 
between these limits. 11 In the problem-solving test, 
95 percent of the words appear on the Rinsland list. 
The words used on the test which do not occur on the 
Rinsland list are: bazaar, Bob, Bowser, Brink, cell, Ethel, 
Europe, fund, gem, Greenville, grower, Hank, Ives, Jack, 
jewel, Lewis, outboard motor, pedal, purchase, Red Feather, 
Rocktown, transatlantic, treasury, truckload. Half of these 
words are proper names, only two of which (Europe and 
Red Feather) have any particular significance. Four o:f 
the words (Bowser, Europe, gem, ~nd jewel) were in the 
same problem and may have contributed to the extreme 
1/ Henry D. Rinsland, A Basic Vocabulary of Elementary 
School Children, The Macmillan Co., New York, 1945, p. 15f. 
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difficulty of that item. However, the discriminating power 
of the item was adequate. 
The problems were written to interest the pupils for 
the purpose of motivating reading and solution. It was y 
found by Brownell and Stretch that uunf'amiliarity of' 
setting is a f'actor which is not general in its operation, 
f'or •••• as many as 65% to 80% •••• of' the children seem to be 
unaf'fected by changes .in the f'amiliarity of' settings.n So, 
unf'amiliarity of settings should not be considered as a 
serious f'actor +n problem-solving. Interest in the prob-
lem, also, is not a significant factor in the solution, 
as pointed out by Kramer, who said, i'The difference in 
success with the uninteresting sections of the test material g; 
proved negligible. 11 
In the problem-solving test, the ability to solve 
problems is the outstanding factor, with the computations 
involved in the problems and the understandings involved 
in the computations being tested independently. 
Item analysis of the problem-solving test.-- The 
Stanley method of item analysis as described on page 38 
was app~ied to the results of the test of problem-solving, 
as it was to the other tests. 
1/ op.cit., p. 71. 
2/ op.cit., p. 88. 
A list of the item numbers 
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ordered on the basis or discriminating power is given in 
Table 7, with the estimated percentages or those not knowing. 
All but two or the items were of "adequaten discriminating 
11 power, according to the Stanley table, and they were of 
positive discriminat:i:hg power. The range of discriminating 
power was from seven to eighty-two with a median of almost 
forty. As with the other tests, the boundary of easy items 
was 24 per cent and or hard items 126 per cent. Eight 
items would be considered easy and none very hard. The 
test was relatively easy. 
Reliability of the problem=solving test.-- The relia-
bility or this test, as computed by .the Hoyt method, de-
scribed on page 50 was 0.823. 
Applying the F-test to the hypothesis that there was 
no dirference between the means of individuals, F was 
round to be 5.65, which, with 432 and 12528 degrees of 
freedom, is signiricant beyond the 1% level. (the F-value 
at the 1% level with 400 and 500 degrees of rreedom is 
1~24) It was concluded that this hypothesis should be re-
jected, and that the test measured sufriciently accurately 
to differentiate among individuals. This reinforces the 
examination or discriminating power as summarized above. 
1/ Loc. cit. 
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Table 7. Item Numbers of the Problem-Solving Test Arranged 
in Rank Order According to Discriminating Power, 
and Estimated Percentages of Those Who Did Not 
11Know 11 the Correct Answer to the Item 
Item 
Number 
_C1) 
24 
23 
22 
13 
21 
8 
16 
5 
27 
14 
20 
26 
7 
19 
17 
25 
4 
11 
18 
15 
28 
6 
9 
12 
1 
3 
29 
30 
2 
10 
Rank Order 
of Item 
According to 
Discriminating 
Power (l=Best Discrim- ... 
ination) 
(~) 
1 
2 
3 
4 g 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
WL - WH 
(Discrimi-
nation) 
73 
70 
69 
61 
61 
58 
52 
51 
49 
47 
46 
44 
44 
41 
40 
35 
34 
33 
32 
30 
28 
27 
23 
18 
18 
17 
16 a/ 
7 
7 
iJ ttadequatett discriminating power ~ 14 
* neasy 11 , · :!:- 24; tthard n, ? 126 
Estimated 
Percentages o:f 
Examinees 
Who Did 
Not "Know" 
the Correct 
Answer to 
The Item 
Difficulty) * 
59 59 
55 
74 g5 
3g 
94 
42 
70 
100 
44 
37 
35 
101 
33 
24 
25 
61 
111 
f~ 
17 
22 
16 
122 
119 
9 
11. 
Validity of the uroblem-solving test.-- The validity 
of the problem-solving test rests on the method of 
construction of the items. The items were written as 
verbal problems involving the same computations as the 
correspondingly numbered items on the computations test. 
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The situations are realistic and practical and the vocabulary 
is placed at the fifth grade level. The test, moreover, 
discriminates adequately between those able to solve such 
problems and those not so able. 
The problem-solving test was satisfactory to be used 
in the present investigation. 
The preceding has been.a description of the construc-
tion of the tests on computations, understandings, and 
problem-solving, and statistical data on reliability and 
discriminating power. 
A brief description of the statistical procedures of 
the study follows. 
5. Statistical Procedures 
The present investigation is a correlation study. 
Correlations among all the variables were found, to corre-
lations of the second order. Means and standard deviations 
were computed for all of the measured variables. 
The correlations of zero order were used in the path 
coefficient technique. This technique made possible the 
computation of the proportional influence on problem-solving 
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of the three other variables considered and a composite of 
all other contributing variables. 
By means of a special technique utilizing the regres-
sion upon problem-solving of the other variables, the 
effect of eliminating the various independent variables 
was computed, to show the relative importance of these 
variables with regard to problem-solving. 
The techniques used and the resultant data are given 
in Chapter IV. 
CHAPTER IV 
PRESENTATION, ANALYSIS, AND INTERPRETATION OF DATA 
The data were collected and treated according to the 
plan described in Chapter III. Summaries or the data, and 
their analysis and interpretation, will be given in this 
chapter. 
1~ General Character or the Group Tested 
The general character or the group tested may be 
seen by an examination or Table 8, in which measures or 
central tendency and or dispersion are shown. 
Table 8. Means and Standard Deviations ror Group Tested 
Scores Stand. Stand. (Title) Mean Dev. Error Range 
c. A. 161.5 10.43 0.5480 143-218 
M. A. 170.7 17.74 0.9323 123-246 
I. Q. 106.4 12.00 0.6307 74-150 
P. s. 18.3 4.61 0.2423 5-30 
Und. 13.0 3.95 0.2075 2-24 
Camp. 24.0 3.96 0.2082 8-30 
C.A., chron. age (mo.); M.A., ment. age (mo.); I.Q., intel. 
quat; P.S., prob. solv.; Und., understanding; Camp., 
computations. 
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The chronological age mean places the group at approxi-
mately grade 8.5, which is to be expected, since the 
seventh and eighth graders were tested at the end of the 
school year. The I. Q. mean shows the group to be average 
in intelligence. About 68 per cent of the pupils had I. Q.s 
between 94.4 and 118 .4. · 
On the whole, the computations test was relatively 
easy for these pupils; the understandings test was not 
too hard and not too easy; and the problem-solving test 
was not too hard and not too easy. 
The standard deviations were estimated by the usual 
formula for ungrouped data, s = '"\ ~ \IN=l 
Table 8a shows the means of the seventh and eighth 
grades separately, in I. Q., Problem-Solving, Understanding, 
and Computation. ·As would-be expected, there is some in-
crease-in each of the latter three variables, but in no 
case does the difference appear to be extreme. 
Table 8a. Means for the Seventh and Eighth Grades Separately 
Scores 
(Title) 
(1) 
I.- Q. 
P. S. 
Und. 
Comp. 
Seventh 
Grade (2) 
106.0 
17.0 
12.5 
23.3 
Eighth 
Grade (3) 
106.7 
19.6 
13.5 
24.7 
Diff. (4) 
0.7 
2.6 
1.0 
1.4 
SE 
diff. 
(5) :: 
1.26 
0.47 
0.41 
0.41 
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The statistical significance of these differences will 
be shown by means of the t-test. 
As shown in Table 9, by application of the t-test to 
the differences in means between seventh and eighth grades, 
there is noticeable difference in problem-solving and 
computations, less difference in understanding, and no 
significant difference in intelligence. 
Table 9. Test of Differences in Means Between Seventh and 
Eighth Grades 
Tested Degrees of t-value t-value from table 
Variable Freedom comiuted d.f. t J2robabilit;2: (1) (2) (4) ( 5) (6) -3) 
I. Q. 174 0.444 200 ·0.675 .50 
P. s. 174 5 .• 55 150 2.61 .01 
Und. 174 2.43 200 2.60 .01 
Comp. 174 3.43 150 2.61 .01 
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The t-value f'or computation, with 174 degrees of' :freedom, 
is 3.43, which is beyond the 1% level with 150 degrees of' 
:freedom, which is 2.61. The t-value f'or problem-solving, with 
174 degrees of' :freedom, is 5.55, which is beyond the 1% level 
with 150 degrees of' :freedom, which is 2.61. The t-value f'or 
understanding, with 174 degrees of' :freedom, is 2.43, which is 
significant at the 2% level·, but not at the 1% level, which, 
with 200 degrees of' :freedom is 2.60. The t-value f'or in-
telligence, with 174 degrees of' :freedom, is 0.444, which is 
not· significant at the 50% level, which,wi th 200 degrees of 
:freedom is .675. The seventh and eighth grades were treated 
as a single group, even though these dif'f'erences might prevent 
normal distributions in the resulting.group. 
2. Analysis of Correlation 
Basic computations.-- The sums of' squares and the sums 
of cross products of' the raw scores, :from which correlations 
were computed, are given in Table 10. The formula f'or the 
sum of' squares is, s.s. =!£x2 - CZX)2 and the :formula f'or 
N 
the sum of cross products is, .Ixy = lXY - (:EX)~~Y), where X 
and Y are scores, N is the number of' cases, and x and y are 
deviations of scores f'rom their mean. 
Zero order coefficients.-- It can be seen :from the 
coef'f'icients in Table 11 that problem-solving correlates with 
computations as 0.7769; with understandings, as 0.7655; and 
Table 10. Sums of Squares and Cross Products in Deviation 
Form 
Variables 
Sums of 
s:uares 
Sums of Cross-
Products 
:: (1) 
P.S. (Xl) problem-solving 
I.Q. Cx2) intelligence 
Comp. Cx3) computing 
Und. CX4) understanding 
XlX4 P.S. X Und. 
x1x3 P.S. X Comp. 
x1x2 P.S. x I.Q. 
x4x3 Und. x Comp. 
X4X2 Und. X I.Q. 
x3x2 Comp. X I.Q. 
(2) 
7672.-· 
51980 
5663 
5628 
Table 11. Zero Order Coefficients of Correlation 
Coefficient (Pearson 
prod. mom. corrected 
Variable for attenuation~ 
,12 ~2l-
r14 P.S. with Und. 0.7655 
r13 P.s. with Comp. 0.7769 
r12 P.S. with I.Q. 0.5284 
r43 Und. with Comp .. 0.6303 
r42 Und. with I .. Q. 0.5804 
r23 I.Q. with Comp. 0.4722 
i/ N = 362, d.f. = 359 
(J) ::...: 
4017 
4126 
9330 
2783 
8518 
7024 
t * ~32 
14.65 
15.23 
10.02 
10.75 
10.89 
8.50 
-
* With 300 degrees of freedom, at the 1% level, t = 2.59 
with intelligence, as 0.5284. 
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All of these correlations are 
considerabl~. Understanding correlates best with problem-
solving, and fairly well with computations and intelligence. 
Computations correlates best with problem-solving, fairly well 
with understanding, and not as well with intelligence, 
Intelligence correlates best with understanding, almost as 
well with problem-solving, and also fairly well with com-
putations. The highest correlation is between problem-
solving and computations. The lowest correlation is between 
intelligence and computations. 
Problem~Solving depends.more on understanding and 
computing ability than on general intelligence. Computing 
ability is the strongest factor of those represented in 
relation to problem-solving ability. However, understand-
ing is a considerable factor in relation to computing ability 
as well as in relation to problem-solving ability. Because 
of the basic and underlying nat~e of understanding, this 
factor appears to be a very important one in the problem-
solving picture. 
Partial correlations.-- The pertinent first order 
correlations, based on corrected zero order coefficients, are 
given in Table 12, which follows: ~ 
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Table 12. Partial Correlations of the First Order 
Correlated Variables 
(1) 
r12.3 P.S. Intell.-Computing const. 
r12.4 o.s. Intell.-Understanding const. 
r13.2 P.s., Comp.-Intelligence const. 
r13.4 P.S., Comp.-Understanding const. 
r14.2 P.S., Und.-Intelligence const. 
r14.3 P.S., Und.-Computing const. 
r23.4 Intell., Comp.-Uriderstanding const. 
r24.3 Intell., Und.-Computing const. 
r34.2 Comp., Und.-Intelligence const. 
s/ N = 362, d.f. = 358 
Coefficient of 
Correlation a/_ 
(2) 
0.2911 
0.1606 * 
0.7047 
0.5893 
0.6636 
0.5642 
0.1682 * 
0.4132. 
I 
0.4963 
* With 300 degrees of freedom, coefficients of the first 
order are significant at the 1% level if as large as 0.1?4 
and are not significant at the 5% level if less than 0.141. 
The correlation r13.2 = 0.7047 indicates that when 
intelligence is constant, problem-solving and computing are 
found to have high positive correlation. Note also, that 
. I problem-solving correlates well with computing when under-
standing is constant, r13.4 = 0.5893. 
A comparison of correlations may be made by grouping 
these correlations, as follows: 
1. r21.4: 0.1606, I.Q., P.S. - Und. const. 
r31.4 = 0.5893, Comp., P.S. - Und. const. 
r32.4 = 0.1682, Comp., Intel.-Und. const. 
... 
In this group of correlations, in which understanding 
is constant, it is seen that problem-solving and computing 
are closely related, whereas intelligence is not signifi-
cantly related to problem-solving or to computing. It may 
be said that good computers are better problem solvers than 
general intelligence would indicate. And, 
. 2. rl4.2 = 0.6636, P.S., Und. - I.Q. const. 
r43.2 - 0.4963, Und., Comp. - I.Q. const. 
-
r13.2 = 0.7047, P.s., Comp. - I.Q. const. 
In this group of correlations, in which intelligence 
is held constant, it is seen that problem-solving and com-
puting are closely related, that problem-solving and un~ 
derstanding are closely related, and that understanding and 
computing tend to be related. _It may be said that under-
standing and computing contr~bute more to problem-solving 
than either one does to the other. 
In summary, when understanding is good, then good 
computers are good problem solvers; when computing ability 
is good, good understanders are good problem solvers; and, 
when intelligence is good, good computers and good under-
standers are good problem solvers. 
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The pertinent second order correlation coefficients are 
a.s follows: 
r12.43 = 0.0772, P.S.,I.Q.-Und. and Comp. const. 
r13.42 = 0.5779, P.s.,comp.-Und. and I.Q. const. 
r14.32 = o. 5095, P.S.,Und.-Comp. and I.Q. const. 
And, tl2.4J = 1.4669, which is not significant at the 10% 
level, since with 400 degrees of freedom the t-value at that 
level is 1.65. Since with four variables and 300·degrees of 
freedom r is significant at the 1% level when equal to .192, 
and other r's are highly significant. 
These correlations show that both computing and under-
standing are. strongly related to problem-solving, and in-
telligence is not. When intelligence and computing are 
constant, the best understanders are the best problem-solvers. 
When intelligence and understanding are constant, the best 
computers are the best problem solvers. And, wh~n under-
standing and computing are constant, there is no::signifi-
cant relation between intelligence and problem-solving. 
It may be said that the elements of intelligence which make. 
it possible to compute and to understand computation are 
virtually all of intelligence that operates significantly on 
the ability to solve problems. 
3. Analysis of Regression 
The relative importance of understanding, computing 
ability, and intelligence in relation to problem-solving 
ability are shown by means of regression equations. A 
multiple regressi_on equation was written to show the rel-
ative amounts of contribution to problem-solving ability 
from understanding, computing ability, and intelligence. 
Then, an examination was made of the losses in contribu-
tion when the factors were withdrawn from the regression, 
one by one. 
88 
The regression equation with all of the factors present, 
in deviation form, is: 
x1 = 0.4q78x4 • 0.4666x3 + o.0497x2 
In this equation xr represents deviation in problem-solving, 
x4 represents deviation in understanding, x3 represents 
deviation in computing, and x2 represents deviation in 
intelligence. 
11 The authors Wert, Neidt, and Ahmann point out, "when 
more than one variable is used to predict a criterion, the 
relative influence of each of the prediction variables with 
respect to any other cannot be inferred from a direct compar-
_ison of the size of the coefficients of the variables. n 
1/ James E. Wert, Charles 0. Neidt, and J. Stanley Ahmann, 
Statistical Methods in Educational and Ps cholo ical Research, 
Appleton-Century-Crofts, Inc., New York, 19 4. p. 243. 
A relation of the influences of the prediction variables in 
this regression will be determined by testing the loss due 
to the elimination of the separate variables. 
First, the significance of the regression is found, as 
;f'ollows: 
By means of the formula, 
S.S.Regression = 0.4078~X1X4 + 0.46661xlX3 + 0.0497Lx1x2 
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and with the proper substitutions from TablelO, s.s. Regression 
::: 4027. And, by means of the formula, 
S.S. Residuals =lx1 - 0.4078~x4 - 0.4666!x3 - 0.0497lx2 , 
the s. s. Residuals is 3645. All of the information needed 
for the analysis is shown in Table 13. 
Table 13. Analysis of Multiple Regression of Problem-
Solving 
Source of Degrees of Sum of Mean 
Variation Freedom Squares S{uare (1) (2) (3) 4) 
Regression 3 4027 1324 
Residuals 3t8 3645 10.18 Total 3 1 7672 
The F-value of 131.83 computed from information just 
given, is highly significant, since the F-value with 3 and 
200 degrees of freedom at the 1% level is 3.88. Hence, in 
the pupil sample tested, understanding, computing ability and 
intelligence.' combined are clearly related to problem-solving 
ability. 
The coefficient of multiple correlation is computed by 
extracting the square root of the ratio of the regression 
sum of squares to the total sum of squares and yields R = 
0.7245. The multiple correlation coefficient signifies a 
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relation between actual measures of problem-solving and pre-
dicted values obtained from a knowledge of understanding, 
' 
computing ability and intelligence. This multiple R is high. 
It may be said that changes in the predictors are followed 
by similar changes in problem-solving ability. 
The standard error of estimate is the square root of 
the mean square for residuals and yields 3.19. Hence, 
prediction of problem-solving score~ by means of this re-
gression equation will not be wrong by more than 3.19 points 
in about two-thirds of the cases; which means that pre-
dictions can be made with considerable confidence. 
A similar analysis was made of the regression on problem-
solving of understanding and computing, leaving out intelli-
gence. The necessary information is shown in Table 14, 
which follows: 
Table 14. Analysis of Regression with Intelligence 
Eliminated 
Source of Degrees of Sum of 
Variation Freedom Squares 
,1~ ~2~ ~ L32 Regression 2 3943 
Residuals 3g2 3~22 Total 31_ 7 72 
F = 189.79 R • 0.7170 Std. error - 3.22 
Mean 
sruare 
42 
1972 
10.39 
These data are combined with those or Table 10 to show 
the loss or variation in problem-solving due to elimination 
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or intelligence. 
which follows: 
The necessary information is in Table 15, 
Table 15. Testing the Loss Due to Elimination of 
Intelligence 
Source of Degrees or Sum of 
Variation Freedom Squares 
(1) (2) (3) 
Three-variable 
Regression· 3 4027 
Two-variable 
Regression 2 3943 
Loss due to elimi-
nation or intell. 1 84 
Three-variable 
Residuals 3l8 3645 Total 7672 
F = 8.25' 
3 1 
84 
10.18 
This F-value is significant, since the F-value at the 
1% level with 200 and 300degrees or freedom is 1.39. Hence, 
there is a loss due to the elimination or intelligence which v-
cannot be attributed to chance alone. 
The loss due to elimination of understanding was computed 
in similar fashion, and found to be 609. 
59.71, which is highly significant. 
The F-value was 
The loss due to elimination of computing ability was 
round, likewise, to be 889. The F-value was 87.33, which is 
also highly.significant, compared to the F-value with 200.and 
300 degrees of freedom which at the 1% level is 1.39. 
These figures show that the greatest loss in problem-
solving ability comes from the elimination of computing 
ability, and a large loss comes from the elimination of 
understanding. The loss due to elimination of computing 
is more than ten times the loss due to elimination of 
intelligence, and the loss'.:due to elimination of under-
standing is more than seven times the loss due to elimi-
nation of intelligence. 
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A direct comparison can be made by means of the sums 
of squares. The sum of squares for understanding was 1638; 
for computing, 1925; and, for intelligence, 464. The pro-
portional importance of the three variables is shown by the 
percentages which these sums represent, namely: (1) com-
puting, 47.80 per cent; (2) understanding, 40.68 per cent; 
and, (3) intelligence, 11.52 per cent. 
This shows, again, that computing ability and under-
standing are high in their influence on problem-solving, 
and that general intelligence is low, relatively. This 
means that changes in intelligence do not bring like changes 
in problem-solving ability, whereas, changes in ability to 
understand and to compute are very likely to be accompanied 
by considerable changes in ability to solve problems. 
It remains to be seen what proportion of the total 
of all effects on problem-solving by other factors comes 
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from these three factors: understanding, computing ability, 
and general intelligence. The contributions of the· factors 
of the present study wiil be compared to the contributions 
of all other factors combined, known or unknown. This is 
done by the path coefficient technique. A description of 
the application of this technique in the present study and 
of the results obtained is now given. 
4. Analysis of Determination 
In the path coefficient technique, as adapted by y 
Engelhart, and applied in this study, the zero order 
coefficients of correlation are corrected for attenuation. 
Chronological -age is assumed, in this study, to be suffi-
ciently controlled by the limitation to the seventh and 
eighth grades, where, in this case, promotion is generally 
by age rather than by achievement • 
.Y As Engelhart points out, ttThe path coefficient 
technique provides for the measurement of both direct and 
indirect influences.u It should be noted in this connec-
tion that there is a possibility of reaction upon the 
contributing variables from the dependent variable, and 
among these variables, which would be a source of error. 
This error, however, would normally act to increase the 
1/ Max Engelhart, 11 The Relative Contribution of Certain 
Factors to Individual Differences ·in Arithmetic Problem-
Solving Ability,u ~ournal of Experimental Education, 
(September, 1932), pp. 19-27. 
gj Ibid., p. 21. 
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inf'luence .from the various independent sources. so, the 
coefficients of determination which are computed by the method 
here employed would be minimum values. 
y 
The path coefficient technig~.-- In the path coeff-
icient technique as applied in this study, it is assumed 
that intelligence, comp~ting ability, understanding, and 
other, unknown, factors contribute to problem-solving ability. 
The first step in this technique is to set up a dia-
gram showing the assumed relations of .factors contributing 
to the dependent variable. 
diagram is as shown below. 
For the present study this 
In the diagram, problem-solving ability (1) is shown · 
to be influenced by intelligence (2), along path c directly, 
by understanding (4) along path e directly, by computing 
ability (3) along path f directly, and by some other 
abilities, unknown (Z) along path v. The combined unknown 
variables Z are assumed to contribute independently. There 
are indirect influences along broken paths, such as the 
influence of intelligence on problem-solving through computing 
ability along the paths band f. 
Y Ibid., p. 24. 
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The second step is to find· the pa:th coefficients. Any 
path coefficient is equal to the coefficient of correlation 
of the two variables directly connected minus the products 
of path coefficients of the paths indirectly connecting them. 
The computation of the path coefficients of the diagram 
shown above involves the solution of the simultaneous equations 
written upon the rule just stated. In this case, the path 
coefficients are found from the following equations: 
(The symbols used in these equations refer to the 
diagram shown above, and the rule for computing path coe-
fficients which was stated just above.) 
a = r24 = 0.5804 
b = r 23 =.0.4722 
c = r12 - ae - bf = r12 - 0.5804e - 0.4722f 
d = r34 - ab = 0.3562 
e - rl4 - ac - df - abf • 0.7655 - o.5804c - o.6303f 
f = r 13 - be - de - bae = 0.7769 - o.4722c - o.6303e 
Solving these equations simultaneously., the path 
coefficients are found to be: 
a • 0.5804 
b = 0 .. 4722 
c = 0.05068 
d '"' 0.3562 
e • 0.4338 
f = 0.4795 
The third step is to find the coefficients of deter-
mination. The coefficients Df determination are the 
squares of the path coefficients, or, in the case of in-
direct paths, twice the product of the path coefficients 
multiplied by the coefficient of correlation for the two 
contributing variables. Since all possible influences are 
accounted for, the sum of all the coefficients of deter-
mination is unity. Hence, the coefficients of determina-
tion, which follow, with their explanation: 
dl2 - c2 = 0.0026 on P.S. by I.Q. direct 
dl3 - f2 • 0.2299 on P.S. by Comp. direct 
-
dl4 = e2 = O .. l.882 on P.S. by Und. direct 
dl.23 = 2cfr23 - 0.0230 on P.S. by I.Q. by Comp. 
dl.24= 2ecr24 - 0~0255 on P.S. by I.Q. by Und. 
-
dl.34 = 2efr34 
-
0.2622 on P.S. by Comp. by Und. 
dlX = v2 = 0.2686" on P.S. by Z direct 
total = 1.0000 on P.s. by all 
The fourth step is to separate the joint influences. 
These joint influences are separated into-parts proportion-
al to the coefficients of direct determination. 
Thus, 
d1.23 is separated into (1)23 and (2) 23 , where 
(1)23 = d1.23 d12 = 0.001025, and 
dl2 + d~ 
= 0.02269. 
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Likewise, 
dl.24 is separated into (1)24 and (2)24 , where 
(1)24 = 0.003435 and (2)24 = 0.02517 
And, 
dl.34 is separated into (1)34 and (2) 34 , where 
(1)34 = 0.1442 ~d (2)34 = 0.1180 
Then, these parts are combined with the direct contributions, 
as follows: 
The influence of intelligence on problem-solving, 
dl2 + (1)23 + (1)24 = 0.0070, 
The influence of computing on problem-solving, 
d13 + (2)23 + (1)34 = 0.3969, and 
The influence of understanding on problem-solving, 
dl4 + (2)24_ ... (2)34 = 0.3314 
The complete summary of contributions is, therefore: 
intelligence • • • 
computing ability • 
understanding • ~ • 
. . . . . . . 
. . . . . . . 
• • . . . . . 
all others • . . . . . . . . . . . . 
33.14% 
26.47% 
Understanding, as tested in this investigation, is 
definitely a large factor in the ability to solve problems. 
Perhaps, it is the greatest factor, potentially, since 
understanding is related to computing so strongly. 
CHAPTER V 
SUMMARY OF FINDINGS AND CONCLUSIONS 
1. The Problem 
The problem of this study was to determine the re-
lationship between understanding of the processes involved 
in computations and the ability to solve verbal problems. 
2. The Procedure 
Three tests were constructed: (1) a test of computa-
tion, (2) a test of understanding, and (3) a test of' prob-
lem-solving. 
lated. 
These tests were designed to be closely re-
The test of computations includes items quite evenlr 
distributed among addition, subtraction, multiplication 
and division of whole numbers, fractions, and decimals, 
with three levels of difficulty. 
The test of understanding includes items which corre-
spond to a considerable degree to the items of the compu-
tations test. These items are somewhat novel, different in 
most cases from the understandings items most generally in 
classroom use. 
The computations of the problems test are identical in 
almost every case to those of the computations test. The 
language of this test is simple and interesting, and the 
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vocabulary is of the fifth grade difficulty. 
These tests were administered to about four hundred 
pupils of the seventh-eighth grade junior high school of 
a city of about twenty-five thousand. I.Q.s were obtained 
from the school records, with ages. Three hundred sixty-
two complete sets of data were obtained. 
Besides simple correlations, partial correlations to 
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the second order were computed. A multiple regression was 
set up. One factor at a time was eliminated from the multi-
ple regression and the effects of the eliminations were 
compared. Also, the total 11 determinationn of problem-
solving ability was found by means of the path coefficient 
technique. 
3· The Pupils 
The pupils tested were a fairly representative group, 
362 seventh and eighth grade pupils of a small industrial 
city of north central Massachusetts, with mean intelligence 
106, and with normal chronological age. 
4. The Tests 
The tests constructed measured fairly well(l) the ability 
to compute, (2) the ability to understand computational 
aspects of arithmetic, and (3) the ability to solve verbal 
problems. 
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These tests were closely related, so as to reduce to a 
minimum extraneous influences such as vocabulary, situation, 
and variations in process and number from test to test. It 
may be said that these three tests answer the questions: (1) 
How is the group distributed with regard to computation with 
whole numbers, fractions and decimals? (2) How is the group 
distributed with regard to ability to understand what is done 
in the computations? and (3) How is the group distributed 
with regard to ability to solve problems involving the very 
computations which were tested. 
5. Simple Correlations 
By the simple correlation coefficients it appears that 
understanding, computing ability, problem-solving ability, 
and intelligence are significantly related. 
6. Partial Correlations: First Order 
By the first order correlations the following obser-
vations can be made: 
a. When understanding is constant the relation between 
problem-solving and computing is high, whereas, the relation 
of both problem solving and computing to intelligence are 
low although significant. 
b. When computing is constant the relation between 
problem-·solving and understanding is higher than the re-
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lations between both problem-solving and understanding with 
intelligence. All of these relationships are significant, 
but intelligence with problem-solving is distinctly lowest; 
and intelligence with understanding is distinctly lower than 
understanding with problem-solving. 
c. When intelligence is constant the relation between 
problem-solving and computation is highest; the relation 
between understanding and problem-solving is high; and, the 
relation between understanding and computing is also high 
although distinctly lower than the others. 
7. Partial Correlations: Second Order 
By the second.order correlation coefficients the 
following observations can be made; 
a. When computing and intelligence are constant the 
relation between problem-solving and understanding is high. 
b. When.understanding and intelligence are constant, 
the relation between problem-solving and computing is high. 
c. When understanding and computing are constant, the 
relation between problem-solving and intelligence is not 
significant. 
8. Prediction 
Measures of understanding and computing can be used to 
predict problem-solving with considerable confidence. 
~ost'on Un1verslt1 
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9. Comparing Loss . 
In the prediction of problem-solving ability most is 
lost by the elimination of computing. Mueh is lost by the 
elimination of understanding, and a small but significant 
amount is lost by elimination of intelligence. 
10. Total Determination 
When the total determination of problem-solving ability 
is analyzed the following observations can be made: 
a. About 40 per cent of the variation in problem-
solving ability is due to computing ability. 
b. About 33 per cent of the variation in problem-
solving ability is due to understanding of the computations 
involved. 
c. About 26 per cent of the variation in problem-
solving ability is due to variables which have not been 
investigated in this study, among which may be certain 
special reading abilities, aspects of reasoning, insights, 
and attitudes. 
d. About one per cent of the variation in problem-
solving ability is due to aspects of intelligence, other 
than those leading to understanding and computing. 
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ll. Conclusions 
Insofar as the scores used in this study represent the 
abilities of the pupils tested, and insofar as the sample 
of pupils is representative, the following conclusions can 
be drawn: 
a. When understanding of arithmetic is good, the ability 
to solve problems depends to a large extent on the ability 
to compute. 
b. When computing ability is good, the ability to solve 
problems depends to a large extent on the ability to under-
stand the relations implied by the numerical aspects of the 
problem.· 
c. When intelligence is good, the ability to solve 
problems depends to a large extent on the ability to com-
pute and to understand computations. 
d. A person of good intelligence, who has developed 
good ability to compute, will have b·etter success in prob-
lem solving if he understands numerical relationships. 
e. A person of good intelligence, who has developed 
an understanding of numerical relationships, will have 
better success in problem-solving if he has developed good 
computing ability. 
f. A person who understands well and is able to handle 
with facility in computation the numer.ical information in 
J 
a problem may not have general intelligence of comparable 
strength. Evidently there are special mental abilities 
involved in solving arithmetic problems. 
g. As has been shown elsewhere, problem-solving is 
still a challenge to teaching methods because of the com-
plexity of abilities involved, and because some of these 
abilities have not been studied sufficiently. 
h. Understanding of the mathematical principles in-
volved in computation is related to problem-solving in 
such strength that it should be included when improvement 
of problem-solving is to be considered. 
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i. Understanding of computations is strongly related 
to ability to compute, and should be considered in efforts 
to improve computing. 
j. General intelligence does not affect problem-
solving in a significant way. 
12. Some Implications 
a. It has been found elsewhere that reading ability, 
in general, is not a·':strong factor in problem-solving, bu:t 
some special reading skills are sometimes critical factors. 
When the reading of quantitative statements is examined 
more carefully, it may be found that the numerical infor-
mation is not read with the same understanding as the 
situation information, and not with the same interest. 
W5 
Improvement of understanding may result in increased inter-
est as well as increased ability to grasp the import of the 
problem situation. 
b. Problem-solving ability is likely to be improved 
by increase in understanding as defined, as wel+ as by 
increase in computing ability. 
c. Special aspects of intelligence, such as, presumably, 
reasoning, understandings of various kinds, insights, and 
reflective thinking should be examined more closely for the 
ways in which they enter into the process of solving a 
problem. 
APPENDICES 
Appendix A 
1. List of the Jury 
1. Vincent J. Glennon, Syracuse University 
2. Foster E. Grossnickle, State Teachers College 
Jersey City 
3. Maurice L. Hartung, University of Chicago 
4. Harold E. Moser, State Teachers College 
Towson, Maryland 
5. Rolland R. Smith, Director of Mathematics 
Springfield, Massachusetts 
6. Herbert F. Spitzer, State University 
Iowa City 
7. Henry Van Engen, State Teachers College 
Cedar Falls, Iowa 
8. Harry G. Wheat, West Virginia University 
2. List of Understandings as Sent to the Jury 
Below are listed understandings presumed to be involved 
importantly in the computations of elementary arithmetic. 
Fuller descriptions of these understandings are on the 
following pages. 
1. Please indicate on each card the understandings which 
are acceptably measured by the item by encircling the 
number of the understanding as it appears on the list. 
2. If an understanding is measured especially well by the 
item, underline the number after circling it. 
3. If the item could be answered correctly from mechanical 
learning alone, circle "Mn. 
4. If there are other understandings, too important to be 
left out, please add them to the list, and identify 
.-them if possible with given items. 
IMPORTANT UNDERSTANDINGS INVOLVED IN COMPUTATIONS OF 
ARITHMETIC 
1. The number system. Place value of digits. 
2. Addition of classes. Tens are added as ones, etc. 
3. Addition is a re-grouping. Carrying is a special 
grouping. 
4. Addition is· (subtraction is) a substitute for counting. 
5. Borrowing is re-grouping before subtraction. 
6. Multiplication by tens gives tens, etc. 
7. Carrying is re-grouping after multiplication. 
8. Commutation in multiplication. 
9. Distribution in multiplication. 
10. Multiplication is addition. 
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11. Division is subtraction. 
12. Place value in a quotien~. 
13. A fraction as a symbol. 
14. Equivalenc~ of fractions. 
15. A fraction is ~ product. 
fraction. 
The numerator by the unit 
16. Commutation in addition of mixed numbers. 
17. Like fractions may be adde~. Add their numerators. 
18. A difference of mixed numbers is a sum. Two 
differences are added. ---
19. A difference between like fractions is a product. 
20. The product of mixed numbers equals the product of 
equivalent fractions. 
21. A product of fractions is a product. 
the unit fractions. 
Numerators by 
22~ A fraction is multiplied when the numerator is multi-
plied. 
23. A quotient of mixed numbers is the quotient of equiva-
lent fractions. 
24. A quotient of two frac~1£n2-i§ a produc~. 
25. A whole number is divided by a unit fraction when 
multiplied by the denominator. 
26c. A decimal fraction extends the number system. 
27. Division by 10, 100, etQ. re-locates the decimal point. 
28. Dividing each addend by the same number divides the 
sum by the same. 
29. Decimals are subtracted as are whole numbers. 
30. A product of decimals is a quotient. 
31. Decimals are multiplied as are whole numbers. 
32. A division of decimals may be cleared of all decimals. 
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DESCRIPTION OF UNDERSTANDINGS LISTED AS IMPORTANT-TO 
COMPUTATIONS 
1. The number system. Each digit of a number has a value 
depending on the place it holds in the number. This 
fact is used in algorisms. 
2. Addition Qy classes. Tens are added to tens as ones 
to ones, and likewise for other place-classes. This 
notion is employed in addition of whole numbers, mixed 
numbers, and decimals. Subtractions, also may be seen 
to employ this comcept~· 
3. Addition is a re-grouping. Two groups are combined to 
form a new group, which is represented by the nsum11 of 
the numbers of the groups. When a combination of 
groups becomes larger than 9 the re-grouping takes on 
a special feature, according to the number system, 
called carrying. · 
4. Addition is counting substitute. A sum could be obtained 
by counting. Addition is a more economical process. 
Subtraction may be regarded in a similar way. An 
appreciation of addition as a process enters here. 
5. Borrowing is re-grouping. As an inverse of carrying, 
borrowing is a change of groups of a higher order to 
lower order to facilitate subtraction. Used in the 
decomposition method of subtraction. 
6. Multiplication by tens gives tens. Multiplication by a 
digit of a particular place-class produces a nn@ber of 
the same place-class. This concept is employed in the 
multiplication algorism. 
7. Carrying in multiplicatiQg. After a multiplication by 
a digit of a particular place-class groups of the next 
higher order are taken out to be combined with like 
groups. This concept is employed in the algorism of 
multiplication of whole numbers and decimals, and in 
a similar way in mixed numbers. 
8. Commutation in multiplication~ Either number may be the 
multiplier. This concept may be employed to advantage 
in multiplication of whole nu~bers, mixed numbers or 
decimals, at times. 
9. Distribution in multiplicatiog. The parts of a number 
may be multiplied in any way and the resulting products 
added to get the ·product. This understanding con-
tributes to an appreciation of the process of multi-
plication and to some special methods. 
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10. Multiplication is addition. The process multiplication 
is used instead or addition when the addends are 
identical. This concept contributes to an appreciation 
of multiplication as a process. 
11. Division is subtracting. Division as a process is used 
to find how many times the divisor may be subtracted 
rrom the dividend. This concept contributes to an 
·appreciation of division as a process. 
12. Place value .in a quotient. The place value of a 
quotient figure is related in a particular way to the 
figures or the dividend and the divisor. This con-
cept is employed in correctly evaluating the digits of 
a quotient. 
13. A rraction as a symbol. A rraction is a kind or number 
. which indicates one of several concepts, such as 
division, ratio, parts, etc. This understanding 
contributes to an appreciation of fraction as a number 
among other numbers. 
14. Equivalence of fractions. Fractions are equivalent to 
other rractions when they can be changed to be identical. 
This is done by multiplying or dividing numerator and 
denominator by the same number. This concept is 
employed in addition and subtraction and possibly 
division of fractions. 
15. A fraction is a product. Every fraction may be consid-
ered as a product of a unit rraction and a whole number. 
The whole number thus represents the number of parts 
of the size represented by the unit fraction. This 
concept contributes to an appreciation of fraction in 
its relation· to whole number. 
16. Commutation in addition. The addends may be combined in 
any order. This concept is employed especially in 
addition or mixed number.s. 
17. Like fractions may be added. When fractions have the 
same denominator they may be added by adding the num-
erators. The sum thus obtained, is, of course, the 
numeratorE"G>f tEiaGsum::tanaL:the~·<lefi.omi~ator which all the 
fractions have is the denominator or the sum~ This 
Concept is employed in the process of addition of 
rractions and similarly in subtraction. 
l;.Ll 
18. The difference in two mixed numbers. The difference is 
a sum--of the difference in the whole numbers plus the 
difference in the fractions, in the proper order, of 
course, with borrowing. This concept is employed in 
the process of subtraction of mixed numbers, and simi-
larly in addition. 
19. A difference in fractions is a product. The difference 
may be considered the product of the difference in the 
numerators by the unit fr~ction which is common to the 
fractions. This notion contributes to an appreciation 
of the process of subtraction of fractions. · 
20. The produc! of mixed numbers. Mixed numbers may be 
multiplied.by finding the product of the equivalent 
fractions. This understanding may facilitate the 
multiplication of mixed numbers. 
21. A product of fractions. The product· of two fractions 
may be considered as the product of the numerators by 
the product of. the unit fractions. This notion 
contributes to an insight with regard to the multi-
plication of fractions. 
22. A fraction is multiplied when the numerator is multi-
plied. 
23. A quotient of mixed numbers. Mixed numbers may be 
divided by dividing the equivalent fractions. This 
concept facilitates division or mixed numbers. 
24. A quotient of fractions is a product. The quotient of 
two fractions may be obtained by multiplication: the 
dividend multiplied by the reciprocal of the divisor. 
This concept is related to the concept of division as 
the inverse of multiplication. 
25. Division by a unit fraction. The division may be ob-
tained by multiplication by the denominator. This 
concept is related to the concept of the unit fraction. 
26. Dec~als extend the number system. As in whole numbers, 
each digit of a decimal has ten times the value of the 
same figure in the place to the right. This concept 
is involved in computing with any decimal. · 
27. 
28. 
29. 
30. 
31. 
32. 
Division by 10, etc. The division is accomplished by 
re-locating the decimal point. This notion employes 
the concept o~ place value and contributes to apprec-
iation o~ decimals in computation. · 
Dividing adden~ •. When all the. addends are divided, 
or multiplied, by the same number the total is divided 
by the given number, or multiplied. As the inverse 
o~ distribution, this notion contributes to an apprec-
iation o~ a possible combination o~ multiplication 
and addition. 
Subtraction o~ decimals. The subtraction is accomplished 
in a way similar to the process with whole numbers. 
This concept is related to the concept o~ decimals and 
is employ~d in the process o~ subtraction o~ decimals. 
A product o~ decimals is a_ggotient. The product of the 
numerators divided by the product o~ the denominators. 
This understanding contributes to skill in multiplica-
tion o~ decimals. 
Decimals multiplied. The multiplication is as with whole 
number~, ignoring decimals. This notion contributes · 
to an understanding o~ multiplying decimals and includes 
an appreciation o~ decimals as numbers. 
Division may be cleared o~ decimals. Dividend and 
divisor may be multiplied by powers o~ ten so as to 
remove all decimals ~rom the process. This notion 
contributes to the process of division of decimals. 
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3. Items for the Understandings Test as Sent to the Jury 
1. The number 444 means _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • 
a 400 + 40 + 4 b 4 + 4 + 4 ·c forty four ones plas 4 
· d none of these 
This item tests the understandings with numbers marked: 
1 2 3 4 5 6 7 8 9 10 11 12- 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29 30 31 32 M . 
(Except for spacing this is like.the form sent) 
2. In adding 865 and 743 and 291, when you add the 6, the 
4, and the 9, you have ___ • 
a 19 tens b 19 ones c 19 hundreds d none of these 
290 
1076 
846 
1572 
_2QQ 
Add the column headed by the figure 2 
As you add the column write beside each figure, 
in the column below, the total of the column 
so far: 
2 __ 
o __ 
8.--5 5,___._ The final total is • 
a 2000 b 20 c 200 d none of these -------
4. If you begin with 706 and count back 418 you get 288. 
This is the same as ~~-:-r----::----·-::--~----­
a 706 b 706 c 418)706 d none of these 
- 288 + 418 
- -
5. You are to subtract 165 from 903 by following these 
special directions: First, subtract the 5. The number 
left is _______ • Then, subtract the 60. The 
number left then is ·~ • 
a 838 b 738 c 892 d none-of these----
6. 7902 After the 9 is subtracted, how many thousands 
- 2984 will be left from which the 2 thousand in the 
subtrahend will be subtracted? 
a 7 thousand b 70 thousand c 700 d none of these 
7. In multiplying 385 by 34, when the 8 is multiplied by 
the 3, the result is 
a 24 hundreds b 24 ones c 24 tens d none of these 
ll4 
8. When 267 is multiplied by 34, you first multiply by 
4 and then by the 3. When you multiply by the 3 that 
particular multiplication gives • 
a 828 tens b 828 hundreds c 828 ones d none of these 
9. In the multiplication of 2905 by 503, when the 2 is 
multiplied by the 5 you get 1,ooo,ooo but --~~~~ 
must be added before setting it down as a part of the 
multiplication. 
a 400,000 b 400 c 4 d none of these 
10. 1247 x 302 is the same as ·~~~--~------~~---· 
a 302 x 1247 b 302)1247 c subtraction d none of these 
11. To multiply 276 x 27 you could do one of these: 
a 27 X 200 + 27 X 70 + 27 X 6 
_b 27 X 27 + 6 
C 27 X 2 + 27 X 7 + 27 X 6 
d none of these 
12. 4 x 9 .10 is the same as ~---=-~---::---:::-:=-=----==-=-=:---• 
a 4 X 9 + 4 X 10 b 4 X 9 + 4 X .10 C 4 X 910 X .001 
d none of these 
13. When 1961 is divided by 37 the quotient is 53. If 37 
were subtracted from 1961 what would the quotient be 
then? 
a one more b 52 c 43 d none of these 
14. When 239,476 is divided by 9185 the first figure of 
the quotient is 2. This 2 represents • 
a 20 b 200 c 2 d none of these 
15. This shape can be divided into equal parts as shown. 
What is the name of one of these parts? __________ __ 
\ l 
a one fifth b one fourth c one sixth d none of these 
16. Which of the fractions shown here is equal to ~? • 
6 b 2 c 6 d none of these 
a1o 25 E 
17. ~ x ~ equals 3 x ~ x 3 x ~which is the same as ____ __ 
a 3 x 3 x 1 x 1 b 3_±_3 c 3_1_3 d none of these 
4 5 4+5 4x5 
ll5 
17. i x ~ equals 3 x * x 3 ·X~ which is the same as -----
a 3 x 3 x i x ~ b i ! ~ c i ~ ~ d none o~ these 
18. 4t + ~ • 7~ is the same as -----------· 
a 4 + 6 • 7 • t + ~ • ~ 
b4xi+6xi+7x~ 
C ± .. 18 + 14 
2 5 3 
d none o~ these 
19. ~- .. ~ = . 
a (1 + 3) + ~ b ~ c 125 3 d none o~ these 
20. For adding ~ and i' which o~ these is true? 
a ~ and i can be added by adding their numenat~rs. 
b ~ and i can be added by adding their denominators 
c ~ and i can be added by adding the numerators o~ 
~ and ~-. 
d none o~ these 
21. 2 - 1 - • 3 3 - --·-----------------
a 2 - 1 0 
22. at 
4l 3 
2 - 1 
b 3 - 3 
2 - 1 
c ~-=9-= d none o~ these 
equals _______________________________ • 
a (8 - 4) f <t - ~) b 4 • t + ~ c ~ + 3t • t 
d none.1o~ these 
23. ~ 
- 1 
2 
-
a 5- 3 b 
equals ~ 
- ~ 
( 5 - 3) ~ t 
5 X 1 
equals_ · ~ which equals 
3x'b __ _ 
c (5 - 3) x t d none of these 
24. 4t x 3~ equals __ _ 
--------------------------· 
a 2 x 1Q b ~ x 3 c 2 x _3 d none of these 2 3 2 3 2 10 
25. 12 x.i = ----·--~-­
------------------------------· 
a 12 x 3 b 12 x 4
3 
c 12 x 3 d none:,of these 12 X 4 4 
26. 15t+ 2i is the same as----------------· 
a 62..!.. 2 b _g J.... 2 c .312 x 49 d none of these 2 ... 4 31 . 4 
27 • ~ ! ft. equals 13 x t ·~ 15 x Ji, which is the same 
as • 
a (13 + 15) x(16 + 4) 
d none of these 
---------------------------------~-----------· 28. 7 r t = 
a7x4 b1xt 7 c i d none of these 
29. Before adding 33.869 and 68.332 and 203.684 and .028 
and 36.906, divide each one by 100. Then, the sum 
would be 
-----------------------------------------· a 32.2199 b 33.1709 c 342.709 d none ;Of these 
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30. In ~inding the difference between 39.71 and 27.68 you 
first subtract the 8. This is done by -------------
a subtracting 8 ~rom 11 b subtracting .08 from .11 
c changing the 1 to 11 and subtracting 8 from 11 
d none of these 
31. The product of 6.85 and 2.5 is equal to -----------· 
a 2 2 X 682 b 25 X 685 X 1.00 X 0.01 C 682 X g2 Wx~ W w 
d none o~ these 
32. 5942.07 multiplied by .0673 is equal to -----· 
a 594207 X 673 b 594207 X 673 X .01 X .0001 100 X 100 
c 294207 x 223 d none of these 100 100 
33. The sum o~ 5.07 and 4.80 and 5.23 and 4.96 is ___ • 
a 18 + .19 + .016 b 20 + ft + 16g c 2 thousand + 6 
d none o~ tb.ese 
34. To ~ind the di~ference between 204.250 and 89.482.you 
~irst subtract the 2 at the right. When you do, you 
are actually subtracting _____________ • 
a 2 from 0 b .002 from .010 
d none of these 
20 ~ 10 
c 1000 rom IOOOo 
35. 78 f 1.50 is equal to----------------------------· 
a 7800 +150 b 78000 ~ 150 c 780 + 150 d none o~ these 
36. 2059.47 :;- .063 is equal to -----------· 
a 2059470 + 63 b 20594700 f 63 
d none o~ these 
c 205947x 1000 
1000 b3" 
37. 264.6 +- 9 is the same as -~:------------• 
a 2646 + 90 b 2646 7 9 c 26 .46 + 90 d none of these 
Appendix B 
1. Computations Test 
Directions 
1 .. Do each problem and then look at the answers that are 
given. 
2. If your answer is given, fill in the cell at the right 
which has the same letter as your answer. 
3. If you do not find your answer ther~, fill in the cell 
that has the sameletter as "none of thesen, and write 
your answer in the space for 11your answertt. 
READ AND WORK CAREFULLY 
Sample: a b c d 
Add H II II l-24 a 21 b 72 c 8 d none of these 
_.3. 
_ _22 ______________ zo!!I' _aBS:J!!e_r __ '--"7 __ _ 
1 Add 865 
743 
291 
a 1809 
b 1909 
c 1890 
a b c d 
d none of these 
your answer __________ __ 
-----------------------------
2 Subtract a 428 d none of these a b c d 
706 b 582 
- 288 c 528 your answer 
____ .....,.._..,.. ______________________ 
3 Multiply a 8832 d none of these a b c d 
276 b 1480 
_}g c 83352 your answer 
-----------------------------
4 Divide 
37)1961 
a 58 
.b 50~~ 
c 53 
d none of these a b c d 
your answer __________ __ 
___________ ....,. ______ ....,. ___________ _ 
-118-
5 Add 7~ 
_l_ 
6 Subtract 
_5~ 
1 
__l_ 
7 Multiply a 9} 
4 
52 X !b b 3i 
~ Divide 
7-:.t 
9 Add 
6.32 
8.37 
5.23 
2.30 
c 9 
a .2222 
b 2222 
c 22.22 
ll·9 
a b c d 
d none o:f these 
your answer __________ __ 
d none o:f these a b c d 
your answer ___________ __ 
d none o:f these a b c d 
your answer ___________ __ 
d none o:f these a b c d 
your answer 
d none o:f these a b c d 
your answer ___________ __ 
--------------------~--------
10 Subtract 
38.64 
-23.82 
11 Muilitiply 
8.50 
6 
a 15.21 
b 14.79 
c .1479 
a 51.00 
b 5100 
c 5.10 
d none o:f these a b c d 
your answer ___________ __ 
d none o:f these a b c d 
your answer __________ __ 
12 Divide 
8)168.8 
a 21.1 
b 211 
c 2.11 
d none of these a b c d 
your answer __________ __ 
-----------------------:------ .... 
13 Add ~ d none of these a b c d 
_j_ 
your answer __________ __ 
__________ ....., _________________ _ 
14 Subtract a 4 ; d none of these a b c d 
.2 4 
9 b 13 
1 c 1 4 9 your answer __________ __ 
....._ ______________________   
15 Multiply 
1x.3 
2 8 
16 Divide 
~ 7 ~ 
a S 16 
b_il 
4 
4 
c 10 
d none of thewe a b c d 
your answer __________ __ 
d none of these a b c d 
your answer ___________ _ 
__ ,.,.. _________ ....,. ________________ - __ 
17 Add 
4362 
3060 
73 624 
18 Subtract 
4506 
-1728 
a 7997 
b _8119 
c 8099 
a 3222 
b 3888 
c 2878 
d none of these a b c d 
your answer __________ __ 
d none of these a b c d 
your answer ___ ,_. ______ __ 
19 Multiply 
2905 
....2Q3 
a 23465 d none of these 
b 153 96 5 a b c d 
c 1,461,215 your answer ____ , ______ __ 
---------------~--------------
20 Divide 
918)23882J: 
a 24 
b 260 
c 25 
a 106 
3 
b 1012 30 
c 11~ 
d none of these a b c d 
your answer ____ ~------
d none of these a b c d 
your answer __ ~--------
-----------------------------
·22 Subtract 
9~ 
~ 
23 Multiply 
4~xl* 
24 Divide 
16i - 3f 
a3~ 40 
b411 40 
c~ 
a 51 3 
b~ 
d none of these a b c d 
your answer __________ __ 
d none of these a b c d 
your answer __________ __ 
d none of these a b c d 
c 5...1 
- - - - - - - - - - _13 - - - -.- zo:gr_an,s][er - - - - - -
25 Add 
88.243 
5.725 
380.286 
40.002 
.465. 
a 514.721 
b 413.501 
c 514.611 
12? 
d none of these a b c d 
your answer _____ _ 
_______________ .,... ____________ _ 
26 Subt-ract 
340.010 
- 60.444 
27 Multiply 
6.85 
~ 
a 230.434 
b .279566 
c 279.566 
a 17.125 
b 171.25 
c 1712.5 
28 Divide a .42 
.75)31.5'0 ~ ~22 
d none of these a . b c d 
your answer _____ _ 
d none of these a b c d 
your answer _____ _ 
d none of these a b c d 
your answer _____ _ 
29 Multiply 
5942.07 
.0673 
a 399.901311 d none of these a b c d 
b 57.974371 
c 57,974,371 your answer _____ _ 
----------------------------- ..... 
30 Divide a 98,519 
. b 98.519 
.041)4039.279 c .098519 
·d ·none of these a b c d 
your answer _____ _ 
2. Understandings Test 
Directions 
1. Most of the questions on this test are not asked the 
way you would usually find them in school. Answer 
them any way you can think of. 
2. If you find your answer given, fill in the cell at the 
right which has the same letter as your answer. 
3• If you do not .find any answer right for a question, 
fill ~n the cell :which has the letter for unone of 
these 11 , and give your answer. 
READ AND WORK CAREFULLY 
' -
-----------------------------
Sample: To add 24 and 24 you could do one of these: 
a M:ul tiply by 4 d none of these a bl c 
1
d 
b Divide by 2. I I \ II ·1 
c Add 6 and 6 · _ your answer~ 2./f ~ ~ 
- - - - - - - -· - - - - - - - - - - - - - - -~- -
1 The number 444 means 
a 400 + 40 + 4 d none of these a b c d 
b 4 +-4 + 4 
c fcirty,.;.four l's plus 4 your answer _____ _ 
2 In adding 865 and 74~ and 291, when you add the 6, the 4, 
and the 9,you have _____________ • 
a 19 tens 
b 19 ones 
c 19 hundreds 
d none of these a b c d 
your answer __________ __ 
·3 If you begin with 706 and count back 418 you get 288. This is the same as _____________ • 
a 7o6 
-288 
c 418)706' 
d none of these a b c d 
your answer __________ __ 
______ ..._ _____________________ _ 
4 Which of the fractions shown here is equal to 3/5? 
a~ 
b 6 
IO 
6 
c 'S 
d none of these a b c d 
your answer ___________ _ 
5 1 3. . 
., ... 5 = - - - - - - - - - - - - - - - -·· a b c d 
6 
7 
a (1 + 3) + ~ b ~ 
d none of' these 
your answer __________ __ 
2 - 1 
3 3 = - - - - - - - - - - - - - - -· 
a 2 - 1 b 2 -_J: 
3 + 3 3 - 3 c 2 - 1 d none of' these 3 X 3 
a b c d 
your answer __________ __ 
To multiply 276 by 32 you could do one of these: 
a 32 X 200 + 32 X 70 + 32 X 6 a b 
b 32 X 27 + 6 . 
C 32 X 2 + 32 X 7 + 32 X 6 
c d 
d none of' these your answer __________ __ 
8 When 1961 is divided by 37 the quotient is 53. 
If 37 were subtracted from 1961 and the result 
divided by 37, what would the quotient be then? 
9 
Do not perform the division. a b c d 
a one more b 43 c 52 
d none of these your answer ______ _ 
This shape can be divided into 
What is the arithmetic name of 
r 
a one third b one fourth 
c one sixth d none of' these 
equal parts as shown. 
one of these parts? 
a b c d 
your answer _________ __ 
10 12 X ~ : ____________ _ a b c d 
a 12 x 3 b 12 x 3 c 12 x-1 
12x4 4 3 
d none o:f these your answer __________ __ 
___________ ........ ________________ _ 
11 i x ~ equals 3 x ~ x 3 x ~ which is the same as ___ • 
a~:~ b~~~ a b c d 
c3x3xtx~ d none o:f these your answer __________ __ 
--~--------------------------
12 7 :. t = • 
. - - - - - - - - - - - - - --
a b c d 
a~xt b7x4 ei 
d none o:f these your answer_· __________ _ 
13 The product o:f 6.85 and 2.5 is equal to -------
a 25 X 685 X 1~00 X 0.01 a b c d 
b 685 X g_2 c 22 X 685 
10 10 10 X 100 
d none o:f these your answer __________ __ 
14 In :finding the di:fference between 39.71 and 27.68 you 
:first subtract the 6. This is done by ________ • 
a subtracting 8 :from 1 a b c d 
b changing the 1 to 11 and 
subtracting 8 :from 11 
c subtracting .08 :from .11 
d none of these your answer 
------
15 78 ~ 1.50 is equal to ___ 
1
r='Q ____ ~ _. 
a 7800 ; 150 b 78000 ~ ~v a b c d 
c 780 ~ 150 d none o:f these your answer __________ __ 
16 1247 x 302 is the same as _ _ _ _ _ _ _ _ _ _ _ • 
a 302 x 1247 b 302) 1247 a b c d 
c subtraction d none of these your answer _________ __ 
- - - - - - - - - - - - - - - - - - - - - - ...... - - - - ·- -
1?.6. 
17 When 267 is multiplied by 34,you rirst multiply by 
the 4 and then by the 3. When you multiply by the 3 
that particular mul~iplication gives ____ _ 
· a b c d 
a 801 tens b 801 hundreds 
c 801 ones d none-or these your answer __________ _ 
18 t equals t equals 5 x * which equals 
-------- -· 
19 
-
12 -3. . 1 o Bxb' 
a ( 5 - 3) X 1 
. 2 0 b 5- 3 
a b c d 
C ( 5 - 3) X ~ d none of these your answer __________ __ 
4 ~ + q + 7~ is the same 
a4x!.+ 6 X~ + 7 X 2 2 3 
as _ __ _ _ _ _ _ _ _ _. 
a b c d 
b 4 + 6 .. 7 + 1 2 + ~ •. ~ 
c ± + 18 .-M: 
2 ' 3 d none of these your answer ___________ __ 
........ ----------------------------
20 7902 After the 9 is subtracted, how many thousands 
-2984 will be left from which to subtract the 2 thousand 
in the subtrahend? 
a 6 f 7 c 70 · d none of these 
your ·answer ____ _ 
- - - - - - - - - - - -,- - - - - - - - - - - - - - - - - -
21 In the multiplication of 2905 by 503, when the 2 is 
multiplied by the 5 you get :J.,ooo,ooo but before 
setting it down as part of the multiplication ___ __ 
must be added to it from the previous step. 
a b c d 
a 400 b 4 c 400,000 d none of these 
your answer~----------
l~'t 
22 When 239,476 is divided by 9185 the first figure of the 
quotient is 2. This 2 represents ______ • 
· a b c d 
a 200 b 2 c 20 d none of these 
your answer ________ __ 
-----------~-----------------
23 8t . 
. 1 equals -----· 
a b c d 
-43 
a (8 - 4) + <' - 1) b 4 + ' + 1 b 3- b 3 
__ c_~_+_3i! ~ __ d_n~n~ ~f_t£e!e~yo~ ~n!w~r- .- ____ _ 
24 44-2
1 x 31
3 
u 1 · a b c d eq a s ________ • 
a f X 3. b .2. X 10 
2 3 . 2 3 
c .2. x _3. d none of these 2 10 your answer __ . __ 
25 If you add .33.869 and 68.332 and 203.684 and .028 and 
36.906 you get 342.819. Now, if you divide each number 
by 100 before you add them you will get • 
a 34.2819 b 34281.90 a b c d 
c .00342819 d none of these 
your answer 
26 5942.07 multiplied by .0673 is equal to • 
a '9420Zx ill a b c d 
. 100 100 
b 594207 X 673 X 101 X .001 
c 59420Zx ill d none of these 100 100 your answer 
----------------------------~ 
27 15t - 2t is the same as ________ _ 
a ..ll x 4 b 62 .:. .2. 
2 9 2 r 4 
a b c d 
2 ~ a c 31 ~ t d none of these your answer _________ __ 
-----------------------------
12~ 
3. Problem-Solving Test 
Directions (the same as directions for computations test) 
Sample: The boys and girls of the eighth grade bought 
3 gallons of ice cream for the party. How much 
did the ice cream cost if th~y paid $2 for one 
gallon? 
' ~' ft fl a $6.00 b $60 c $.60 d none of these 
your answer ________________ __ 
1 A fast transatlantic ship traveled '865 miles the first 
day out from her home port. The second day she made 743 
miles against a strong wind. The third day she had done 
291 miles when she sighted a ship going the other way. 
How far was the first ship from her home port when she 
sighted the other ship? a b c d 
a 1809 mi. b 1909 mi. c 1899 ·mi. 
d none of these your answer _____ _ 
---~--------------------~----
2 The seventh-grade girls sold 706 tickets for their play. 
The boys sold 288 tickets. How many more tickets did the 
girls sell than the boys? a b c d 
a 582 b 528 c 418 
d none of these your answer ______ _ 
3 .Jack's father 
does-he drive 
a 1480 b 83352 
dnone or these 
drives a bus 276 miles each day. How far 
the bus in 32 days? a b c d 
c 8832 
your answer _________ __ 
-------------------------------
4 Two boys planned a bicycle trip during the summer 
vacation. The entire trip would be 1961 miles. The 
boys decided to pedal just 37 miles each day. If they 
kept to this plan, how many days did it take them to 
complete the journey? a b c d 
a 58 c 61 -
b 50~~ d none of these your answer ____________ _ 
- - - - - - - - - - - - - - - - - - - - - - - ...... - - ·- - -
1.~.9 
5 Ethel needed 1/6 of a yard of cloth for one part of her 
dress and 4/6 of a yard for another part. How much of a 
yard did she need for these two parts? a b c d 
a ~ b ~ c ~ d none of these your answer ____ , ________ _ 
6 If you fill a measuring cup 3 full of water and then 
pour 1/4 of a cup from the cftp into another cup, how 
much water is left in the first cup? a b c d 
d none of these your answer __________ __ 
7 A small part in a mecharilcal toy was made from a piece of 
brass rod 3/16 of an inch long. If 52 of these pieces are 
to be made, how long a rod will be needed? a b c d 
a 9~ b 3i c 9 d none of these your answer __________ __ 
8 Jack had a·balsam stick 7 in. 
pieces 1/4 in. long. How many 
the stick that he had? 
a ~ b i c ~ d none of these 
long. He wanted some small 
pieces could he cut from 
a b c d 
your answer __________ __ 
9 When a boy visited the weather bureau one day, he tound 
that the total rainfall for the month of April w~s 6.32 
inches. For May it was 8.37 inches; for June, 5.23 
inches; and for July 2.30 inches. What was the total 
rainfall for these four months? a b c d 
a .2222 b 22.22 c 2222 d none of these 
· your answer _____ __ 
10 Jack wanted to buy a bicycle that would ~ost $38.64. 
But, after paying camp expenses and buying some clothing 
for the winter he had only $23.85 left. How much money 
did Jack need in order to purchase the bicycle? 
a b c d 
a $15.21 b $14.79 c $.1479 d none of these 
your answer __________ __ 
________________ ......., ___________ _ 
11 Six members of the team were given special sweaters 
which cost $8.50 each. How much was paid out of the 
treasury of the athletic club for the sweaters? 
a b c d 
a $510 b $5100 c $5.10 d none of these your answer ____________ _ 
12 Mr. Ives drove his car 168.8 miles on 8 gallon~S.::of 
gasoline. What was his average ~les per gallon? 
a b c d 
a 211 b 21.1 c 2.11 d none of these . your answer __________ __ 
---------------------~-------
13 Bob was in the metal shop cutting some pieces from a 
brass rod. After he had cut a piece 9/10 of an inch 
long he cut another piece 3/5 of an inch long. How 
much did he cut from that rod? a b c d 
a 12/15 b 4/5 c 27/50 d none of these 
your answer __________ __ 
14 Lewis was making a careful drawing of a plane he wanted 
to make in Hobby Club. First he drew a line 5/8 in long. 
Then he made a mark on the line 1/4 in. from one end. 
How far was the mark from the other end? 
a b c d 
a l/2tt b l/3tt c 3/8tt d none of these 
_your answer __________ __ 
15 Bob's mother had 3/8 of a gallon of ice cream left to 
be divided among four boys. Two of the boys could not 
be located at the time, so Bob's mother put only-1/2 
of the amount into dishes. What part of a gallon was 
served at the time? a b c d 
a 3/16 b 3/4 c 4/10. d none of·these 
gal. gal. gal. your answer ___ :----
- - - - - - - - -. - - - - - - - - - - - - -· - - - - - - -
16 Jim has 3-3/4 gallons of gasoline for his outboard motor. 
It takes 7/8 of a gallon to go from his dock to the 
landing on the other side of the lake and return. How 
many round trips can he make with the gas he has? 
a b c d 
a 7/30 b 3-9/32 c 4-2/7 d none of these 
your answer __________ _ 
-----------------------------
17 The town newspaper sold 4362 papers the first week, 
3060 papers the second week, 73 papers the third week, 
when they were shut down part time, and 624 papers the 
fourth week. What was the total number of papers sold 
for these four weeks? a b c d 
a 9197 b 8987 · c 9087 d none of these your answer ____________ _ 
18 At the weighing station the truckload of coal weighed 
4506 pounds. Hank knew that his truck weighed 1728 
pounds when it was empty. How much did the coal weigh? 
a b c d 
d none of these a 2778 
lbs. 
b 2878 
lbs. 
c 3888 
lbs. your answer ____________ _ 
19 A peanut grower found that his bags for sending peanuts 
to themarket held 2905 peanuts each. In one day his 
plant filled·503 .of these bags~ How many peanuts were 
· bagged that day? a b c d 
a 1,461,215 b 23465 c 153,965 
d none of these your answer~-----------
20 The goal of. the Red Feather campaign this year in Rock-
town is $23,884. Last year the· average amount collected 
by the collection teams was $918 per team. If each team 
this year is to collect a like amount, how many teams 
must be chosen to collect the total amount for,this year? 
a b c. d 
a 24 b 26 c 25 ·d none of these 
your answer ____________ _ 
21 A girl was preparing several packages.as gifts. She 
needed 8-5/6 yards of ribbon for one package, 3/4 of a 
yard for another, and 2-2/5 yards for another. How 
much ribbon did she need altogether? a b c d 
a 10-38/60 b 11-59/60 c 10-2/3 
d none of these your answer ____________ _ 
- - -· ,-. - - - - -·- ·- ·- - -
22 Bob has a board 9-3/4 feet long. If he cuts 
5-7/8 feet long, what will be the length of 
that is left? 
a 4t ft. b 4 ft. c 3-7/8 ft. 
off a pliece 
the piece 
a b c d 
d none of these your answer ____________ _ 
------------------------
......... _ .I 
13? 
23 A team of boys picked apples for 4-1/2 days. They 
picked on an average 1-1/6 barrels a day. How many 
barrels of apples did the boys pick? a b c d 
a 3-6/7 b 5t c 3-1/5 . · 
d none of these your answer __________ __ 
- - - - - - - -· - - - - - - -
24 Mrs~ Brink found that she had a piece of dress goods that 
was 16-1/2 yards long. She wanted to make dresses for 
· the bazaar. Each dress would take 3-1/4 yards of material. 
How many dr~sses could she make from the piece of goods 
that she had? a b c d 
a 5-1/13 b 5-1/3 c 13/66 
· d none of these your answer · 
--------
25 The tax rate in Torville last year was $88.243 per 
$1000. In four other towns the same size the tax rates 
were: $5.725 per $1000, $380.286 per $1000, $40.002 per 
$1000, and $.465 per $1000. What was the average tax 
per thousand for these five towns last year? 
a b c d 
a $102.944 b $102.100 c $82.700 
d none of these · your answer 
26 The road tax for a western state in 1910 was $60.444 
-~er $10,000. In 1950 the road tax for that state was 
$340.010 per $10,000. How much more per $10,000 was 
paid for roads 'in 1950 than in 1910 in that state? 
a b c d 
a $230.434 b $.279566 c $179.566 
d none of these · your ans~er ____ ~-------
....... ______________________ ____ _ 
27.The members of the K-4 Club decided they could pay for 
2.5 baskets or half of the 5 baskets planned for Thanks-
giving after they found out that each basket would cost 
$6.85. How much would the gifts cost the K-4 Club? 
a $171.25 b $17.13 c $1.71 
d none of these 
a b c d 
your answer __________ _ 
28 The boys club now has $31.50 in the athletic fund. This 
is .75 of the amount in the fund at the same time last 
year. How much was in the fund last year at the same 
time? a b c d 
a $420 -b $4.20 c $42 d none of thes~ 
your answer __________ __ 
- - - - - - - - - - - - - -· - - - - - - - - - - - - - - -
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29 Mr. Bowser wanted to bring a jewel into this country 
from Europe which had been valued at $5942.07. The · 
customs authorities charged him .0673 of the value of 
the gem as import duty. How much.did Mr. Bowser have to 
pay the customs authorities to get' the jewel into the 
country? a b c d 
a $43.37 b $57.97 c $579.74 d none of these your answer __________ _ 
30 The school tax in Greenv.ille last year was .041 of the 
value of the property. That is, for every $.041 of tax 
to be spent on the schools there must be one dollar of 
property value. How many dollars of property value was 
necessary to provide $4039.28 to pay for the new books 
the library wanted to buy? a b c d 
a $98,519 b $98,519 c $.098519 
d none of these your answer __________ __ 
Appendix C 
Rinsland Frequencies and Group Classifications, Grade v, 
for Words Used in the Problem-Solving Test 
Word Rinsland Group Word Rinsland Group 
Frequ. Class. Frequ. Class. 
(12 (22 (32 (12 (22 ( 32 
a 19412 lal bureau 1 
about 2389 lal bus 31 2b 
after 1527 lal but 3129 lal 
against 780 la2 buy 364 la3 
altogether 8 4a buying 15 3b 
among 34 2b camp 108 lb3 
amount 35 2b campaign 2 
an 2389 lal can 1816 lal 
and 24519 lal car 446 la3 
another 553 la3 careful 40 2a 
answers 15 3b carefully 24 2b 
apples 88 lb4 cell 
April 19 3a charged 9 4a 
at 3164 lal chosen 25 2b 
athlete 1 cloth 60 2a 
athletic 1 clothing 69 lb5 
authorities 1 coal 88 lb4 
average 37 2b collect 8 4a 
bagged collected 9 4a 
bags 17 3a collection 8 4a 
barrels 8 4a complete 6 4b 
baskets 26 2b cost 60 2a 
bazaar could 544 la2 
be 2468 lal country 342 la4 
been 1588 lal cream 44 2a 
·bicycle 111 lb3 cup 25 2b 
board 79 lb5 customs 6 4b 
Bob cuts 15 3b 
books 524 la3 cutting 65 2a 
Bowser days 452 la3 
boys 671 la2 decided 240 la4 
brass 7 4b did 2211 lal 
bring 364 la3 dishes 198 la5 
Brink divided 30 2b 
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Appendix C (continued) 
Word Rinsland Group Word Rinsland Group 
Frequ. Class.:, Frequ. Class. 
(1~ (2-y- (3~ (1) (2~ (3) 
do 3099 lal ft. 21 3a 
dock 14 3b fuel 27 2b 
does 253 la4 full 150 lbl 
dollar 82 lb4 fund 
done 285 la4 gallons 9 4a 
drawing 47 2a gastbline. 19 3a 
dress 275 la4 gem 
dresses 68 2a get 3330 lal 
drew 47 2a gifts 83 lb4 
drives 2 girls 559 la3 
drove 59 2a giving 72 lb5 
during 171 lbl go 3286 lal 
duty 14 3b goal 13 3b 
each 373 la3 going 3289 lal 
empty 15 3b goods 52 2a 
end 172 lbl Greenville 
entire 7 4b grower 
Ethel had 4686 lal 
Europe half 301 la4 
every 974 la2 Hank 
expense 3 6 has 1963 la1 
far 199 la5 have 10726 lal 
fast 156 lbl he 3710 lal 
fathers 34 2b held 53 2a feet 282 la4 her 2506 lal 
fill 25 2b him 1407 la2 
find 422 la3 his ll78 1a2 
first 165 la2 Hobby Olub 223 la5 
five 359 la3 home 1709 lal 
for 7939 1al how 3687 la1 
found 587 1a2 ice cream 73 lb5 
four 464 la3 if 2096 lal 
fourth 148 1bl import 1 
from 3349 1a1 in 10 4a 
inches 83 lb4 May 138 lb2 
into 1074 la2 measuring 1 
is 12915 la1 mechanical 2 
it 10478 lal members 14 3b 
Ives metal 10 4a 
Appendix C (continued) 
Word Rinsland Group Word Rinsland Group 
Frequ. Class. Frequ. Class. 
~12 m- ~3~ TI~ C~I ~3~ Jack miles 222 la jewel money 329 la4 journey 28 2b month 203 la5 
July 95 lb4 more 841 la2 
June 104 lb3 mother 2086 lal just 2173 lal motor 21 3a· 
K-4 Club 223 la5 Mr. 369 la3 
kept 166 lbl Mrs. 424 la3 
knew 262 la4 much 1544 la2 
lake 170 lbl necessary 7 4b 
landing 8 4a. need· 114 lb3 
last 1574 lal needed 49 2a 
left 401 la3 new 893 la2 
length 7 4b newspaper 12 3b 
letter 2789 lal next 1153 la2 
Lewis none 52 2a 
library 122 lb2 not 3636 lal 
like 3580 lal now 3258 lal 
line 126 lb2 n.umber 59 2a 
located §~6 2b of 9221 lal long la2 off 681 la2 
look 418 la3 on 4088 lal 
made 1307 la2 one 2705 lal 
make 918 la2 only 626 la2 
making 345 la4 order 47 2a 
many 1307 la2 other 1238 la2 
mark 33 2b out 2916 lal 
market 30 2b outboard motor 
material 25 2b package 74 lb5 
page 48 2a Rocktown 
paid 36 2b rod 12 3b 
paper -64 2a round 53 28. 
part 224 la5 same 396 la3 
pay 109 lb3 school 6084 lal 
paying 11 3b schools i~6 lbs peanut 
-35 2b second lbl 
pedal sell 89 lb4 
per . 5 5a sending 110 lb3 
pick 171 lbl served 31 2b 
Appendix C (continued) 
Word Rinsland Group Word Rinsland Group 
Frequ. Class. Frequ. Class. 
~12 ill ')- ~12 ,22: ~ 32 
picked 150 lbl seventh-grade 28 2b 
piece 189 la5 several 93. . lb4 
plan 29 2b she 3952 lal 
plane 36 2b ship 111 lb3 
planned 41 2a shop 57 2a 
plant 98 lbs shut down 30 2b 
play 1369 la2 side 288 la4 
port 19 3a sighted 3 6 
pounds 50 . 2a six 339 la4 
pour 7 4b size 47 2a 
preparing 4 5b small 251 la4 
problems 4 5b sold 146 lbl 
property '11 3b some 2569 lal. 
purchase space 7 4b 
put 1060 la2 special 24 2b 
rainfall 11 3b spent 93 lb4 
rate 3 6 state 138 lb2 
read 508- la3 strong 66 2a 
Red Feather summer 702 la2 
return 39 2a sweaters 8 4a 
ribbon 18 3a take 879 la2 
right 579 la3 tax 19 3a 
road 162 lbl team 78 15b 
than 452 la3 visited 44 2a 
Thanksgiving 207 la5 wanted 607 la2 
that 4947 was 7505· lal 
their 1342 la2 water 682 la2 
then 1652 lal. way 643 la2 
there 3412. lal weather 219 la5 
these 353 la3 week 6244 la2 
they 3432 lal weeks 366 la3 
third 1.12 lb3 weigh 20 3a 
this 3624 lal weighed 20 3a 
thousand 74 lb5 weighing 75 lb5 
tickets 1.5 3b were 2310 l.al 
time 31.70 l.al western 38 2a 
to 26284 lal what 2177 lal. 
Torvill.e when 3474 l.al. 
total 5 5a which 765 l.a2 
Appendix C (continued) 
Word Rinsland . Group Word Rinsland Group 
Frequ •. Class. Frequ. Class. 
-. ~12 (21 
-
~32 - ~12 ~22 ~32 
town 504 la3 will 6291 lal 
toys 202 la5 wind 124 lb2 
transatlantic winter 414 la3 
traveled 32 2b without 135 lb2 
treasury work 673 la2 
trip 206 la5 would 2359 laJ. 
trips 12 3b write 4389' lal 
truck· 69 lb5 yard 180 la5 
truckload yards 25 2b 
two 1595 lal year 797 la2 
vacation 331 la4 you 21000 lal 
value 10 4a your 6804 lal 
valued 1 
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